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PREFACE. 


The number of students in India who take^tp Botauj^for 
examinations is surprisingly large when one recognises the 
fact that until quite recently there have been no good ele- 
mentary treatises in which Indian types of vegetation were 
dealt with. This would seem to indicate that there exist 4" 
among the natives of India a real interest in plants, and it 
was to encourage this desire to know about plants, their 
structures and functions, that the present adaptation of Mr. 
Lowson’s well-known manual was published. Mr. Lowson’s 
book deals on modern lines and in an interesting manner with 
the parts and functions of plants and with simple experiments 
to prove these functions, and when modified by the substi- 
tution of Indian for European examples is specially suited to 
students in eastern countries. 

The great failing of the eastern student is his tendency to 
learn by rote. He is better at abstract studies than at 
concrete, but that he has some liking for the latter is shown 
by the frequency with which he takes up the study of Botany 
and kindred sciences. This tendency to prefer abstract 
studies is one which should as far as possible be checked and 
controlled by the simultaneous study of the concrete, of which 
one of the very best for most people is Botany, since for this 
subject the necessary material is available by every roadside 
and, in India, at any time of year: with a book adapted to 
Indian requirements he should obviously feel more at home 
than with one which deals with the wallflower and the blue- 
bell, and other types unfamiliar in India. 
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One great difficulty that comes up in the choice of the 
types for study in India is that the country is so enormous, 
and includes such a variety of climates, from cold to hot, 
from wet to dry, that the flora is by no means so uniform all 
over it as it is, for example, in the British Islands. Madras 
and the Punjab, for instance, have comparatively few plants 
in common. It is hoped that the particular examples given 
in this book may prove to be sufficiently common to be 
within the reach of everyone. In the selection of these 
examples valuable assistance was given by Mr. I. H. Burkill, 
M.A., Director of the Botanic Gardens of Singapore. 

In connection with the above, however, it may be mentioned 
in passing that whilst the flora of India strikes the English 
student as being predominantly tropical — and this impression 
is entirely justified — the character of the north-west Hima- 
layan flora, especially between the heights of 5,000 and 11,000 
feet, is strikingly European. A native of England who visits 
Kashmir, Simla, or other hill stations on the Punjab cannot 
fail to notice numerous plants with which he is already 
acquainted. To mention only a few instances, he would meet 
with the Chickweed (Stellaria), Crowfoot and Buttercups 
(Ranunculus), the Marsh Marigold ( Caltha palustris), species 
of Clematis , Columbine (Aquilegia), Monkshood (Aconitum), 
numerous species of Rubus (Bramble, Raspberry, Blackberry, 
etc.), Dead Nettle (Lamium) and Wild Mint. In the upper 
reaches of the Himalayas, too, the Alpinist would find the 
well-known Edelweiss (Leontopodium alpinum), as well as 
species of Potentilla and other genera which in Europe grow 
at a much lower level. 

There are many floras of different parts of India now pub- 
lished or in course of publication, and a very brief study of 
one of these will show how much there is to be done before 
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our knowledge of the local distribution of the plants of India 
can approach completeness. If a student will work with one 
of these floras for the district in which he resides/ making 
collections of the local plants, identifying them with the 
flora, and preparing an herbarium with the localities carefully 
marked, the flowering seasons given, and all other possible 
notes made about the plants, he may render very useful 
service to the study of the flora of India. Still more useful, 
perhaps, will be he who studies the ecology of the local flora 
— the problem of the life of plants in relation to their natural 
environment — going carefully into the whole subject, with 
the necessary experiments for clearing up various problems. 

In the second edition of the book certain portions were 
rewritten and enlarged, and the Families dealing specifically 
with the Indian Flora were placed in an altered sequence 
to conform more closely to that of Engler’s system. Several 
Families were added, and a considerable number of vernacular 
names were introduced: of the latter the book now contains 
about two hundred and fifty, including many familiar house* 
hold words. If a student wishes to find the Latin or English 
equivalent of a vernacular name, he should consult the 
Vernacular Index at the end of the book. If he wishes to 
find the vernacular equivalent of an English or Latin name, 
he should consult the General Index. 

The present fourth edition, which is based on the seventh 
English Edition revised by the author and Mr. L. C. Fox, has 
been thoroughly revised and presents a number of changes. 
Sphaerotheca has been added as a type, and many new figures 
have been incorporated. Obsolete technical terms have been 
deleted, and frequent reference has been made to recent 
research. As in previous issues the special needs of Indian 
students have, of course, been kept in mind throughout. 
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TEXTBOOK OF BOTANY. 


INTRODUCTORY. 

1. Botany is the science which deals with the phenomena 
of plant-life. It considers the form and structure of plants, 
their functions and life-histories; it studies the various 
processes of their growth and development; and, by carefully 
noting the resemblances and differences discernible between 
them, it attempts to draw up a scheme of classification, 
expressing as clearly as possible their affinities or relationship 
to one another. 

2. Subdivisions of the Science. — Plants, like animals, may 
be studied in different ways or from different points of view. 
These constitute different subdivisions or departments of 
Botanical Science, of which the most important are Morphology 
and Physiology. We may indicate the scope of these by 
considering a particular plant — let us say the Sunflower. 

Naturally we should first of all give our attention to external 
features. We should find that the plant consists of certain 
well-defined parts or members — roots, stems, leaves, flowers, 
etc.; that, speaking generally, these have approximately the 
same forms in all sunflowers of the same species, while they 
differ in many respects from those of other plants; that the 
stem branches, and the branches have a definite position in 
relation to the leaves. By comparing the relative positions 
of the members in the Sunflower with those in other plants 
it would be possible to draw up a classification of plant- 
members. A study of this kind, dealing with the external 
forms and relative positions of plant-members, is called 
External Morphology. 

We might then wish to get some knowledge of the internal 
parts of these various members. For this purpose we should 

I. BOT. 1 
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take sections of the stem, root, leaf, etc., or examine these in 
various other ways. Such a study, dealing with internal 
structure, is called Internal Morphology. It may be carried 
on in two ways. First, we might content ourselves with the 
naked-eye appearance of the internal parts, and examine only 
the coarser features. This is Anatomy. Secondly, we might 
undertake a closer study with the help of the microscope, and 
make out the finer features of structure — the cells and tissues 
of the plant-body. This is Histology. Cytology , the study of 
cell-structure, is a branch of Histology which has been greatly 
developed in recent years. 

Evidently, then, Morphology has regard only to the form 
and structure of plants, and pays no attention to the vital 
processes which are carried on. But we might carry our 
morphological studies much further than this. Instead of 
examining the Sunflower at any one particular stage in its 
growth, we might study the form and structure exhibited 
through all the stages, and observe the changes which take 
place. 

Beginning with the seed, we could make out the parts of 
the embryo plant contained in the seed; we could notice the 
gradual growth of the root and stem, and the formation of 
leaves; we could study the origin and growth of branches; 
finally, we could make a study of the flower and investigate 
the morphological changes which lead up to the formation 
of another seed. This is a study of Development. It seeks 
to discover the earliest beginnings of the organism and to 
trace the changes and modifications which occur in passing 
from one stage to another. Development might be defined as 
a history of the morphology of an organism. As distinguished 
from individual development, which is called Ontogeny , the 
development of the race or species to which the plant belongs, 
i.e, its genealogy, or evolutionary history, is spoken of as its 
Phytogeny . 

Another morphological study is Classification. It is based 
on Comparative Morphology and Development. Here the 
forms and structures of plants in all stages of their life-histories 
are studied and compared, and according to the resemblances 
and differences perceived the plants are arranged or classified. 
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The physiologist, pure and simple, would approach our 
Sunflower plant in quite a different frame of mind. Neglecting 
for the moment its form and structure, he would set himself 
such questions as How does the plant obtain nourishment? 
What is the nature of its food-material ? How are these 
food-materials assimilated ? What is growth ? What pro- 
cesses are carried on in connection with growth ? How is the 
plant affected by its environment? What influence have 
light, heat, etc., on plant growth ? How is reproduction 
carried on ? etc. To give an answer to these and all such 
questions belongs to Physiology* Thus Physiology concerns 
itself with the various life-processes — that is, with the func- 
tions necessary for the welfare of the individual and the 
perpetuation of the species. In this connection the various 
parts of the organism are considered as organs adapted to 
the performance of various functions. 

Morphology and Physiology ought not to be regarded as 
separate and independent studies. Harmonious co-operation 
results in mutual benefit. The study of form and structure 
is barren and unprofitable apart from the study of function, 
and, on the other hand, the study of function demands, as a 
necessary condition, a minute and careful study of form and 
structure. The recognition of this in recent years has led to 
the rapid development of one of the most important and 
interesting departments of Botanical Science, namely, the 
study of how the form and structure of plants are adapted to 
the conditions of their environment. This study, which is 
both morphological and physiological, is known as Ecology 
(or Oecology). 

3. General Classification of the Plant Kingdom. — There is 
no need to enlarge on the infinite variety of form presented in 
the Vegetable Kingdom. The beginner in Botany is suffi- 
ciently impressed with it. The refuge from hopeless confusion 
is found in Classification. At the outset a certain advantage 
will be obtained if the student obtains a bird’s-eye view, as it 
were, of the country he is about to enter. For this reason, 

* and also because it will serve as a convenient table of reference, 
we venture at this early stage to give a general classification 
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indicating clearly the position of the various plant-types we 
shall consider in the following pages. 

In very much the same way as we might ask the student to 
think of a bird, a fish, an insect, and a mussel, and notice how 
very different they are from each other, so we would ask him 
to consider and contrast four plant-types — namely, a butter- 
cup, a fern, a moss, and a seaweed. In a general way, he will 
recognise that they present considerable differences from each 
other: the Buttercup alone has flowers; the Fern has a stout 
underground stem, roots and leaves; the Moss is a much 
more delicate plant, with stem and leaves but no true root; 
the Seaweed bears no members resembling the stem and leaves 
of the other types. Now these four plants may be taken as 
types of the four chief groups of the Plant Kingdom. These 
and the more important subdivisions are represented in the 
following scheme : — 

A. Thallophyta. 

(i) Schizomycetes, commonly known as Bacteria. 

(ii) Algae — mostly aquatic plants, including the 

Seaweeds and various fresh- water forms ; e.g. 
Pleurococcus , Chlamydomonas , Sphaerella , Spiro - 
gym , Voucher ia, Oedogonium , Fucus. 

(iff) Fungi, including Moulds, Toadstools, etc. ; e.g. 
Mucor , Pythium , Eurotium , Saccharomyces , 
Agaricus. 

B. Muscineae or Bryophyta, including the Liverworts and 

Mosses, e.g. Pellia , Funaria, 

C. Pteridophyta, or Vascular Cryptogams, e.g. Ferns, 

Horsetails ( Equisetum ), Selaginellas, and Club-mosses 

{Lycopodium). 

D. Phanerogams, Spermaphyta, or Seed Plants. 

(i) Gymnosperms, e.g. Pinus , the Pine, the com- 
monest species of which is Pinus sylvesiris , known 
as the Scots Fir , also Larch, Spruce, Yew, Juniper, 
Cedar, Cypress, etc. 
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(ii) Angiosperms — the highest or typical Flowering 
Plants. 

(a) Monocotyledons, e.g. Grass, Lily, Narcis- 

sus, Orchid, etc. 

(b) Dicotyledons, e.g . Sunflower, Buttercup, 

Rose, etc. 

The Flowering Plants were called Phanerogams because, 
bearing flowers and forming seed, their method of reproduction 
was regarded as clear or evident (Gr. <£«. repos, evident ; 
ya / aos, marriage ) ; the other groups. Thallophyta, Bryo- 
phyta, and Pteridophyta, were grouped together as Crypto- 
gams, because their reproductive processes, it was thought, 
were hidden or concealed (Gr. Kpv7rro<; y hidden ; ya/mos). 
‘These terms are still retained, although they have lost their 
original significance. The reproduction of the Cryptogams 
has been fully elucidated, and, as a matter of fact, is more 
evident than that of the Phanerogams. 



PART I.— GENERAL. 


CHAPTER I. 

EXTERNAL MORPHOLOGY AND PHYSIOLOGY. 

1, Unicellular and Multicellular Plants. — The lowest plants 
are of microscopic size and have a very simple structure. In 
many of the simplest forms of Algae, for example, each 

individual (Fig. 1) consists of a 
little round sac or vesicle filled 
with a slimy granular substance 
called protoplasm , in which is 
embedded a denser protoplas- 
mic body, the nucleus, along 
with others, one or several, 
called chloroplasts, through the 
substance of which is diffused 
a green colouring matter called chlorophyll. Such a structure 
is called a cell. The lowest forms of plant-life are one-celled 
or unicellular. In all the higher forms the plant-body is 
multicellular, i.e. it consists of numbers of cells aggregated 
together and closely united with each other. 

2. Differentiation. — In unicellular plants all the vital 
functions are carried on by the single cell; but in multi- 
cellular forms, as a rule, different parts of the organism take 
on different functions, and each part has a form and struc- 
ture adapted to the performance of its particular function. 
Members which have special forms adapting them to the 
performance of particular functions are said to be specialised . 
Thus the organism consists of parts or members differing from 

0 


CELL-WALL 
A — CHLOROPLAST 
NUCLEUS 
PROTOPLASM 




Fig. 1. A Unicellular Alga. 
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each other. Seeing that these various functions are carried 
on for the good of the organism as a whole, it is evident that in 
such an organism there is Division of Labour. The distribution 
of functions which characterises this division of labour is 
called Physiological Differentiation; and the marking off of 
distinct members serving as the organs of particular functions, 
which is correlated with it, constitutes Morphological Differ- 
entiation. 

It is evident that morphological and physiological differ- 
entiation go hand in hand. In the lower forms, the functions 
carried on are very simple and general, and there is com- 
paratively little division of labour, so that morphological 
differentiation is only slightly marked. As we ascend from 
lower to higher forms, however, we find that the arrangements 
become more and more numerous and complex, and the 
division of labour correspondingly extensive. Hence it is in 
the highest plants that we meet with the most pronounced 
and far-reaching differentiation of members. As a matter 
of fact, speaking generally, we 
distinguish between lower and 
higher forms by the degree of 
differentiation and division of 
labour exhibited in each case. 

3. The Thallus. — Amongst 
the Thallophyta (p. 4) the 
plant-body is very simple. It 
may be unicellular ; when multi- 
cellular, it usually consists of a 
flattened membranous expan- 
sion, or of a mass of branched 
or unbranched filaments (Fig. 

2). Various members are in 
many cases more or less dis- 
tinctly differentiated. As a rule, 
however, there is no clearly 
marked separation into distinct 
members corresponding to the root, stem, and leaf of higher 
plants. In the higher forms only of Thallophyta do we find 



Fig. 2. Part op a Branched 
Filamentous Thallus. 
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indications of such a differentiation. For the most part, the 
lateral out-growths reproduce the structure of the part from 
which they spring. A vegetative structure of this kind is 
called a thallus. It is specially characteristic of the Algae 
and Fungi, although not confined to these; hence the name 
Thallophyta for the division in which they are placed. 

4. Shoot and Root. — In plants above the Thallophytes, the 
plant-body usually exhibits a differentiation into distinct 
members, which becomes more marked and more complex 
as we pass from lower to higher types. In these plants a 
descending portion, which serves to fix the plant in the soil 
and absorb nourishment, is usually clearly distinguished from 
a part whose tendency is to pass upwards towards the light. 
These parts are known as the root and the shoot. In the 
Bryophyta, however, a true root is never differentiated, and 
in many Liverworts the vegetative structure is a thallus. 
The shoot is nearly always further differentiated into stem 
and leaf (leafy shoot). The differentiation of root and shoot 
probably arose in adaptation to terrestrial conditions of life 
— the earlier and more primitive plants being aquatic Thallo- 
phates. 

5. Vegetative Shoot and Reproductive Shoot. — In many 
Vascular Cryptogams the same shoot carries on the nutritive 
or vegetative functions and bears the reproductive organs; but 
in others there is a differentiation of two kinds of shoots — 
one purely vegetative, the other reproductive. This differen- 
tiation is carried still further in the Flowering Plants, where 
the reproductive shoots (floral region of the plant) are clearly 
marked off in most cases from the vegetative shoots (the 
foliage region). Our conceptions of stem and leaf structures 
are derived from a consideration of the foliage or vegetative 
region of the plant. Nevertheless, the flower, although in 
appearance altogether different, consists, like the foliage or 
vegetative shoot, of stem and leaf structures. The differences 
are due to the fact that in floral region these structures have 
entirely different functions to discharge. 
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6. Higher Differentiation or Specialisation of Members. — 

In the Flowering Plants, the members take on very various 
and often highly specialised or complex functions. In each 
case the special form and structure of the member are adapted 
to the performance of its special function. This is why in 
the Flowering Plants we meet with such a manifold diversity 
of form. When the specialisation is of a very extreme 
character, there is often a difficulty in recognising the 
morphological value of the structures under consideration — 
as, e.g . in the Pitcher Plant, where the leaves take the form 
of pitchers. 

In the vegetative region of plants, stems, leaves, and roots 
have undergone many interesting modifications with which 
we shall have to deal in detail when we come to consider 
fully the morphology of these members. At present it is 
desirable that the student should recognise that these modifi- 
cations have arisen simply as adaptations to a special environ- 
ment and for the performance of special functions. 

7. Plant-Members. — Thus in the higher plants three chief 
categories of members — members of the first rank — are 
recognised, viz. roots, stems, and leaves. According to the 
various well-marked specialisations met with, these may be 
subdivided into members of secondary rank; thus leaves may 
be subdivided into foliage leaves, floral leaves, and so on. 
And these again may be subdivided. In each category or 
group the members are morphologically similar, but members 
belonging to different groups are dissimilar. Thus stem and 
leaf, stem and root, are examples of dissimilar members. 

8. Appendages or Outgrowths. — In addition to members 
which are included in one or other of the above categories, 
other members of subordinate rank are found in plants. They 
are of the nature of appendages or outgrowths of the members 
of the first order. Their forms are innumerable, for they 
include all the different kinds of hairs, prickles, etc. They 
may be developed on all parts of the plant, but chiefly on 
stem and leaf structures. 
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9. Symmetry of Plant-Members. — Plant-members usually ex- 
hibit more or less well-marked symmetry. They may be divided 
in certain directions so as to give similar halves. The forms 
and degrees of symmetry are various, the two chief ones being: — 

(a) Radial Symmetry. — Where the member can be divided 

into similar halves by a number of planes (two or 
more) passing through some particular axis. 

(b) Bilateral Symmetry. — Where the member can be so 

divided by only one or, at most, two planes. 

For example, most stems and roots have radial symmetry; 
they are usually perfectly symmetrical round their longitudinal 
axis; so also many flowers, and a few cylindrical leaves 
{centric leaves, e.g. the Onion). 

There are two lands of bilateral symmetry: — 

(i) The member may be divisible in two planes at right 
angles. In this case the halves formed by division along one 
plane resemble each other, but differ from the halves formed 
by division along the other plane. Thus the walnut may be 
divided along the line which separates the two valves of the 
fruit, or at right angles to this. So also the leaf of the Iris. 
It is a vertical leaf and shows similar right and left surfaces. 
It may be divided longitudinally either parallel to these 
surfaces or at right angles to them. This form of symmetry 
is known as the isobilateral. 

(ii) There may be only one plane of symmetry. Here the 
symmetry is zygomorphic and the member is mono- 
symmetrical. Examples of this are common. It is seen 
in many flowers, e.g. the Pea or Violet. When the zygomor- 
phic symmetry is such that distinct lower and upper surfaces 
can be distinguished, the members are said to be dorsiventral . 
This is the case in the common or bifacial type of leaf. Some- 
times, however, bifacial leaves, owing to greater development 
on one side, are asymmetrical, i.e. have no plane of symmetry 
at all, e.g . the leaf of the Lime. 

10. Branching of Members. — The various members of a 
plant may bear other members either like or unlike them- 
selves, i.e. similar or dissimilar. Thus roots may bear lateral 



BRANCHING. 


11 


secondary roots, i.e. similar members; stems may bear 
secondary stems and leaves, i.e. both similar and dissimilar 
members. The development of similar members is called 
branching. 

There are two chief ways in which 
branches may be produced — two chief 
types of branching — (a) dichotomous 
branching (Fig. 3, a) ; (6) lateral 
branching (Fig. 3, b, c). 

In dichotomous branching the grow- 
ing apex of a stem or a root is divided 
into two and each part grows out into 
a branch. The branching in this case 
consists of a series of bifurcations. 

True dichotomy is comparatively rare, 
at least in the higher plants. It pro- 
bably does not occur at all in the 
Flowering Plants; but examples of 
dichotomous branching are found in 
the Vascular Cryptogams and Bryo- 
phyta, and are common amongst 
Thallophytes. 

In lateral branching the branches 
arise as lateral outgrowths a short distance behind the extreme 
apex of the growing region of the parent member. This is 
the characteristic mode of branching in the Flowering Plants. 

If the parent member continues to grow, and develops 
numerous lateral branches, one after the other, the lateral 
branching is said to be indefinite or racemose (Fig. 3, b). 
If, as is nearly always the case, these numerous lateral 
branches are produced in regular order, and in such a way 
that the youngest lie nearest the apex, they are said to be 
developed in acropetal succession. 

If, however, the parent member ceases to grow after 
producing one or a very few branches, and the growth is 
continued by these branches repeating the process, the lateral 
branching is said to be definite or cymose. Thus in Fig. 3. c, 
axis 1 produces axis 2 and ceases to grow; 2 produces 3; 3 
produces 4; and so on. * 



Branching. 

A, Dichotomous ; B, Race- 
mose ; C, Cymose. 
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A. Dichotomous . 

B. Lateral. 

(a) Indefinite or Racemose (Monopodial). 

(b) Definite or Cyrnose. 

Here we have a general table of branching which will be 
supplemented and illustrated in connection with the detailed 
description of the morphology of roots, stems, leaves, and 
inflorescences. 

11. Nutrition and Growth. — We have already seen that the 
lowest forms of plants are unicellular. In typical cases the 
cell (§ 1) consists of a nucleated speck of protoplasm containing 
one or more chloroplasts and enclosed in a delicate membrane 
or cell-wall. The protoplasm is the living substance of the 
cell. The cell- wall merely supports and protects the proto- 
plasm. If we examine such an organism carefully we find that 
it grows in size and reproduces itself. Now it is evident that 
there must be some source from which it draws food-materials, 
and certain vital processes or functions must be carried on in 
order that these materials may be assimilated or built up 
into its own substance. These processes are the same in 
kind as are carried on by all green plants, but in these unicel- 
lular plants they are all performed by a single cell, and may 
therefore be studied in their simplest forms. 

The first consideration is that food-materials, of whatever 
kind they may be, cannot, owing to the presence of a definite 
cell-wall, enter the cell in solid form, but must do so in 
solution. Here we have what is sometimes regarded as a 
fundamental distinction between a plant and an animal. 
All plants take in their food-material in solution. 

Our green unicellular plant grows either in water or on 
some moist substratum. The water, with various substances 
in solution, passes by diffusion through the cell-wall and is 
absorbed into the interior of the cell. The dissolved sub- 
stances are of a very simple character. The most important 
of them are certain mineral substances, such as nitrates, 
sulphates, phosphates, and carbon dioxide (C0 2 ). Here we 
have another important point of distinction between an 
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ordinary green plant and an animal. Green plants take in 
tlieir food-material in the form of simple inorganic substances. 
Animals cannot live on simple inorganic substances; they 
must feed on complex organic compounds, such as carbo- 
hydrates, fats and oils, and proteins. 

The question now arises-— how are these simple compounds 
built up into living protoplasm, which is an organised but 
unstable mixture of extremely complex substances, chiefly 
proteins, containing carbon, oxygen, hydrogen, nitrogen, 
sulphur, and phosphorus, but whose exact composition has 
not yet been determined ? The building up of a complex 
unstable substance from simple stable substances necessitates 
the expenditure of a certain amount of energy. In animal 
nutrition this energy is derived from the food-materials 
themselves. The proteins, fats, and carbohydrates absorbed 
contain a large store of potential energy. Little or no energy 
can, however, l|^ obtained from the very simple inorganic 
substances assimilated by green plants. What, then, is the 
source of ^neirgy? The answer will be clear if we consider 
the conditions of assimilation. 

It has been determined that from the water and carbonj 
dioxide absorbed certain organic compounds of the nature! 
of carbohydrates, e.g. sugars, are formed. This process is! 
called carbon assimilation or photosynthesis. It requires thej 
presence of light and of chlorophyll. The conclusion we come j 
to is that sunlight is the source of energy, and that chlorophyll 
is a substance which enables the plant to make use of this 
radiant energy, just as the manufacture of cloth from raw 
fibre requires not only some form of energy, but also a special 
mechanical apparatus. More complex compounds such as 
the cellulose of cell-walls are then elaborated, while others, 
such as albuminous or protein substances, contain nitrogen 
derived from the absorbed nitrates, the energy for this process 
being derived from the oxidation of some of the sugar formed 
during photosynthesis. Finally, some of these complex 
compounds are made use of by the protoplasm in building up 
its substance. 

If the student carefully reflects on the process so far 
described he will recognise that in both plants and animals 
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living protoplasm makes use of complex compounds in 
building up its substance, but, whereas animals derive these 
compounds already manufactured (by feeding on plants or 
other animals), the green plant must elaborate them for itself 
from the simple inorganic solutions which it absorbs. Hence 
the necessity (in most plants — see § 12) for the presence of 
chlorophyll and for exposure to light. The plant, as it were, 
starts its chemical processes at a lower level than the animal. 

The sum total of all these chemical processes that go on in 
the body of a living organism — whether it be a unicellular 
alga, a fern, or a flowering plant — is called its general meta- 
bolism. This term includes anabolic processes, or anabolism, 
in which simple substances are built up, or elaborated into 
more complex substances, energy being required for the 
process; and katabolism, in which complex substances are 
broken down, usually by oxidation during respiration, into 
simpler substances, with liberation of energy. It is really this 
energy which is the point of the whole business, since energy 
is required for all growth and vital activity, and the sugars 
built up during photosynthesis represent sunlight-energy 
stored up in potential form, and available at any time, day or 
night, by the process of respiration, which is similar to that 
done by animals. Thus, a simple equation representing 
photosynthesis would run — 

6 C0 2 + 6 H 2 0 + Energy = C 6 H 12 0 G + 60 2 . 

(grape sugar) 

Reverse this equation, i.e . read it from right to left — 

60 2 ~f- C 6 H 12 0 6 = Energy + 6H 2 0 -f- 6C0 2 , 

and we have a simple equation for respiration. Thus a green 
pell, or leaf, is literally a “ trap to catch a sunbeam,” and the 
reversible reaction above may be roughly compared with the 
charging and discharging of an electric accumulator. 

There is evidence that sugars are the chief respiratory 
substances from which energy is liberated, although other 
substances, such as fats and proteins, may also be oxidised 
and decomposed, sometimes with the formation of simpler 
substances, of which some may again be used in nutrition 
(plastic substances), while others are only indirectly useful 
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(secretions) or are of the nature of waste products (excretions). 
Carbon dioxide is given off as one of the waste products. 

Although these metabolic processes have been largely 
explained in terms of physics and chemistry, it must always 
be remembered that they are carried on in the living proto- 
plasm, which regulates and controls them. 

Here again we may institute a comparison between plants 
and animals. In animals these katabolic processes are active. 
In a full-grown animal the loss of matter (by excretion) and 
of energy in katabolism nearly equals the gain made in 
anabolism. This is correlated with the much greater activity 
exhibited by the animal organism. In plants, on the other 
hand, anabolism is greatly in excess of katabolism, so that in 
plants there is continual increase in the amount of plant- 
substance. This is correlated with the passivity and lack of 
movement characteristic of plants. The animal is essentially 
active and katabolic, while the plant is essentially passive 
and anabolic. 

Although we have described the general processes of 
metabolism with special reference to a unicellular plant, 
they hold good for all green plants. Thus a seaweed absorbs 
simple inorganic solutions over its whole surface. These 
pass from cell to cell through the whole plant, and are elabora- 
ted as above described. In higher plants, special members 
are developed to perform the work of absorption. The root 
serves to fix the plant and absorbs solutions of mineral salts 
from the soil. In root, stem, and leaf a system of conducting 
tissue is developed, by means of which the solutions absorbed 
by the root are conveyed to the leaves. The foliage leaf is 
the chief organ for the absorption of carbon dioxide which is 
derived from the atmosphere. In the cells of the leaf elabora- 
tion of these food-materials is carried on. The complex 
organic compounds thus formed are distributed over the plant 
and are made use of by the living protoplasm. In addition to 
this the leaves are active respiring organs and also give off 
large quantities of water- vapour (process of transpiration), 

Many of the food-substances formed are not used im- 
mediately, but are stored up in insoluble, indiffusible forms, 
such as starch and oil, for future use, often in special parts or 
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organs, such as the seed, bulbs, tubers, etc. Before these 
substances can be used, they must be converted into soluble, 
diffusible substances. This is effected by means of substances 
called enzymes or ferments, of a similar nature to the digestive 
fluids of animals. The action of these enzymes is usually of 
the nature of hydrolysis (addition of water), and evidence is 
accumulating that the formation of the stored substances is 
partly due to the action of the same enzymes as effect their 
digestion. Indeed, it seems probable that enzymes are active 
in many of the metabolic processes (including respiration), 
and that it is through their agency that the living protoplasm 
regulates and controls these processes. 

12. Plants without Choropyhll. — Some plants have no 
chlorophyll, e.g. the Fungi and a few flowering plants. From 
what has been said above it will be evident that these plants 
cannot assimilate simple inorganic food-materials. They can 
only make use of food-material consisting of complex organic 
compounds. In this respect they resemble animals, but the 
compounds are simpler than those Vequired by animals. 
These complex compounds may be i Obtained either from 
living organisms or from decayingorgahiX substance. In the 
former casA the plants are p^as^^llieM send down absorb- 
ing organs \nto the tissuesSot stane living plant or animal 
(called the AW), aijd thus oVftvip their nutritive material/in 
the latter cas\ they are called saprophytes. 

13. EeproducluonT^Two methocisroi repr^uCfcu^ are met 
with in plants: (a) asexual or agamogenetic ; (Sf sexual or 
gamogenetic. The asexual method consists essentially in the 
separation from the parent organism of a part which grows 
directly into a new organism. The part separated off may be 
simply a more or less specialised portion of the vegetative 
region, e.g. the potato-tuber. This is vegetative reproduction. 
If it is a highly specialised single reproductive cell (spore) it is 
asexual spore-reproduction . In vegetative reproduction the 
new organism produced resembles the parent; in asexual 
spore-reproduction this may or may not be the case. 

The sexual method consists in the separation of two sexual 
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cells (gametes), each of which is incapable by itself of producing 
a new organism, but which fuse together and produce a new 
cell (the zygote, or sexually produced spore) with altogether 
new properties, which is able to develop into a new plant. 
In many Thallophyta the gametes are similar. In the higher 
types they are clearly differentiated into male and female— 
the former ( e.g . spermatozoid) corresponding to the sperma- 
tozoon of the animal, dhe latfteMO the ovum. 

A spore may be deftae^a&a highly specialised reproductive 
cell which is capable c yut^^f of giving rise to a new T organism. 
It may be. protfuqpcir aextfallwxtir ascxually. In Flowering 
Plants th^ sexually jprodWec^pore is formed inside the organ 
which devef<|p& into" the se^cl. 

14. Relation to Environment. — The intimate relation which 
exists between a plant and its environment is shown by the 
fact that plant-members always have a form uhd structure 
adapted to the particular conditions in which th# plant lives. 
These forms and structures can only be explained by a 
reference to these conditions. A plant which \knot\adapted 
to or in harmony with its surroundings ^S 23 Th\ living 
protoplasm is constantly su})j4^teii tp- thestifhuMting inmence 
of external agenciesL simh^as iigtdVheat, Y gravity, etc., aM it 
is qdH^t^ntly r^sp^nn ing in par^jular ways to these influences. 
We shall have/to cflmi ider Borne of the results of this on growth 
in a lq/ter c$afl>ter TnlJf) 

157 Hbmblogy and Analogy. — In the course of this chapter 
we have suggested two distinct principles of the highest 
importance to the biological student. We may now clearly 
explain and state them. We have seen that a study of 
morphology leads to the recognition of similar members, i.e. 
morphologically similar. Thus stems, whatever their special 
form, are similar members. So also leaves. Members 
morphologically similar are said to be homologous, or the 
homologues of each other. Homologous members or structures 
are recognised by the relations of their position and develop- 
ment. Homology is the term by which we express a resem- 
blance existing between various members as regards their 
i. bot. 2 
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position and development. We have seen, however, that 
homologous members may take on many different forms 
according to the functions which they carry on. Thus 
foliage leaves, floral leaves (sepals, petals, etc., of a flower), 
although homologous, have distinctly different forms. 

On the other hand, in some plants the climbing organs 
called tendrils are morphologically leaves or leaflets, e.g. in 
the Pea; while in others, e.g. in the Vine, they are morphologi- 
cally stems. Here we have structures apparently similar, 
namely tendrils. Yet they are not homologous. Their 
resemblance to each other is physiological, not morphological. 
They have similar functions, and have therefore, by way of 
adaptation, assumed the same form. Members which present 
resemblances of this kind are said to be analogous, or homo- 
plastic. Analogy or homoplasy is the term we use when we 
wish to express this resemblance. It is, of course, unnecessary 
to add that many members are both homologous and analo- 
gous, e.g. the ordinary foliage leaves of one flowering plant 
with those of another. 

The student will now be able to understand the two 
principles referred to. They are: (a) members morpho- 
logically similar ( i.e . homologous) may be differently modified 
for the performance of different functions; (6) members not 
morphologically similar may be similarly modified for the 
performance of the same function. These principles should 
be kept in mind, and illustrations of them, in the following 
chapters, carefully noted. 
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GENERAL HISTOLOGY. 

A. The Cell. 

1. Cellular Structure of Plants. — We have already explained 
(p. 6) that the substance of the plant-body is not homo- 
geneous, but, in all except the lowest forms, consists of 
aggregations or unions of microscopic structures, called cells, 
each living cell consisting of a tiny mass of a viscid sub- 
stance called protoplasm, bounded by a distinct membrane, the 
cell-wall. These cells can be readily seen by teasing out the 
substance of a very ripe, mealy apple in water, and examining 
it under the microscope; also in thin microscopic sections of 
stems, roots, and other parts of plants (see, e.g. Figs. 19, 62). 
The protoplasm is the essential or living substance of a cell, 
and the seat of all the vital processes. The cell-wall is formed 
by the protoplasm, and, during the life of the cell, is added to 
and moulded in various ways according to the special functions 
it has to carry on. 

The cell-walls, therefore, are to be regarded as constituting 
a skeleton or framework, giving support to the living substance, 
and firmness and strength to the whole organism. They do 
not, however, prevent communication between the living 
substance of the various cells, for the protoplasm of one cell 
is connected with that of others by means of extremely 
delicate threads passing through the cell- wall., Thus the 
living cells of a plant are bound together in organic union, 
and carry on in harmony the various processes necessary for 
the life of the plant. 

In the lowest forms of multicellular plants, the organism 
consists of an aggregation of similar cells, all carrying on 
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very much the same functions; but in higher forms, corre- 
lated with the physiological differentiation which has taken 
place, there is what is called Histological Differentiation. In 
other words, many different kinds of cells, more or less 
definitely arranged in groups, can be recognised, the form 
and structure of the cells in each group depending on the 
functions entrusted to them. This differentiation becomes 
more and more marked as we pass from lower to higher 
types. In the Thallophyta and Bryophyta, all parts of the 
organism consist of living cells, although these cells may 
present many different forms. For this reason these two 
divisions are distinguished as “ cellular plants.” 

A considerably higher differentiation is exhibited by the 
Pteridophytes and Flowering Plants, in which, owing to their 
adaptation to an existence on land, elaborate arrangements 
have been developed for the proper conduction and distribu- 
tion of nutritive substances. In these groups, in addition to 
typical living cells having an infinite variety of form, long, 
slender, and often tubular structures of an altogether different 
character can be recognised. These run through the masses 
of cells, sometimes irregularly, more often in definite strands 
or bundles (see Fig. 63). They are, to a large extent, structures 
adapted for the rapid transmission of nutritive fluids, that is, 
vascular structures. 

Although very different in appearance from typical cells, 
a study of their development shows that all these tube-like 
structures are really formed . by the union and alteration of 
young cells. The Pteridophytes and Flowering Plants are 
distinguished by the presence of such vascular structures in 
their tissues, and are therefore spoken of as “ Vascular Plants.” 
Hence also the term Vascular Cryptogams for the Pterido- 
phytes. Thus, however extensive the differentiation may be, 
we may say that all parts of plants are made up of cells or of 
structures, or elements , derived from cells. 


2. Protoplast or Energid. — In Bection, the cells of a plant present a 
general resemblance to the cells of a honey-comb. This was the origin 
of the terra “ cell.” In many ways it is misleading and inaccurate. 
In plants each fully formed cell or tube has its own proper wall, and by 
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suitafl^UPBthods can be isolated for individual examination. The walls 
of the cells in a honey-comb, on the other hand, are common walls. 
Again, the protoplasmic contents are the essential part of a cell. As a 
matter of fact, in certain stages of the life -history, certain of the proto- 
plasmic bodies have no protective membrane — e.g . the ovum or egg-cell 
and the spermatozoid. Hero the term “ cell ” is not at all appropriate, 
and the case is not improved by the use of such terms as “ naked cell” 
“ 'primordial cell” etc. The term “ cell,” however, has become so fixed 
in the nomenclature that it is impossible to avoid using it. At the same 
time many botanists have now come to apply the terms “protoplast” 
or “energid” to any living uni-nucleated protoplasmic unit, whether 
enclosed in a cell-wall or not. 

3. The Young Cell. — Young 
cells are always found at points 
where growth is going on (grow- 


ing. 4. A, Young or Meriste- 
matic Cells; B, Oambial Cell. 

At the growing apex of a 
stem or root they always more or less four- sided or 
polygonal in section (Fig. 4, a). In some meristematic 
regions (cambial layers, see § 20) they are elongated and 
flattened (Fig. 4, b). 

In all cases, however, the cell-walls are extremely thin, 
and the protoplasm completely fills the cell-cavity. The 
general protoplasm of the cell (as in all living cells) is called 
the cytoplasm. It is always more or less granular, and 
embedded in it are several denser and more highly specialised 
; protoplasmic bodies. Of these the largest and most important 
is the nucleus. It is probably an essential constituent of the 
living cell, although its presence as a definite structure in some 
of the lowest forms has not yet been demonstrated. The 
others usually present are known as plastids. 


ing-points), e.g. at the apex of 
a stem. They are called initial 
or meristematic cells. Thevshow 
repeated division into twoUand 
it is in this way that new \ells 
are produced in the plant. TuSke 
young l oils havener/ 
definite Jformslk/Th^v s|#w no 
trace of wke di^^itiatmh which 
in the hignbi^t^es^tfs so marked 
in the older parts of the plant. 
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4, The Cell-Wall.— The cell-wall in young cells^lKd in 
many fully developed cells, consists of a substance called 
cellulose, with which are associated other substances known 
as pectic compounds. Cellulose is a carbohydrate, i.e. it is 
one of a large group of organic substances, consisting of the 
chemical elements carbon, oxygen, and hydrogen, in which 
the hydrogen and oxygen are in the same proportions as in 
water (water — H 2 0). The formula of cellulose may be 
given as n (C 6 H 10 O 5 ), the value of n being doubtful. 

* Pectic Substances . — The first wall formed between two cells 
at cell-division is probably pectose, or calcium pectate, and 
this partition is then reinforced by the laying down of cellulose 
on either side of it. In ripe fruit, the calcium pectate partition 
is dissolved by an enzyme called pectosinase, and broken down 
into a water-soluble substance called pectinogen;/ the latter is 
readily extracted from fleshy roots such as turnip and beet- 
root and from fleshy fruits like apples and strawberries, and 
is specially abundant in the juice of ripe succulent fruits such 
as currants and gooseberries, where cell-walls have broken 
down. *This explains the “ mealy ” nature of a ripe apple, 
and the softening of many plant tissues on being boiled. *The 
aqueous solution of pectinogen can be precipitated as a 
gelatinous mass by alcohol. This gelatinous pectic product 
is known as pectin, 'and its formula has been given as C 17 H 2 4 0 16 , 
while that of pectinogen is probably C 10 H 38 O 9 . 'The gelatini- 
sation of pectinogen can be effected also by the action of an 
enzyme called pectase, which occurs in the juices of plants, 
and is the cause of gelatini sation in the making of jelly. 

Cellulose is readily recognised by the use of reagents. It 
is dissolved by an ammoniacal solution of cupric hydrate 
(cuprammonia), which does not act on the pectic substances. 
With Schulze’s solution it turns blue; with iodine solution 
and sulphuric acid it swells up and turns blue.* The molecules 
of cellulose are probably arranged in groups forming particles, 

* Schulze’s solution (also known as chlor- zinc -iodine) is prepared by 
dissolving zinc chloride, potassium iodide, and iodine, in certain propor- 
tions, in distilled water. Iodine solution is best made by dissolving 
iodine in a solution of potassium iodide and diluting with water. 
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each invested by a film of the watery sap which permeates 
the cell-wall. It is because of this that substances in solution 
in water can diffuse through the cellulose wall. 

5. The Protoplasmic Substance .—The living protoplasm of 
any cell consists of an outer layer of clear, rather stiff, jelly- 
like hyaloplasm, which lines the inside of the cell-wall, and 
also surrounds any cell-vacuoles that may be present; and a 
deeper, more fluid portion, in which occur numerous minute 
bodies called microsomata, which appear to be an integral 
part of the protoplasmic substance.. 

We now know that all living protoplasm is of the nature 
of a mixed colloidal sol, the continuous phase being an aqueous 
solution of mineral salts and organic substances, while the 
disperse phase consists of molecules or molecular aggregates 
of protein and fat. The “ sol ” can pass into a “ gel ” con- 
dition when necessary. In order to understand this better, 
let us consider for a moment the nature of colloids. 

If we shake up a mixture of salt and sand with water, the 
salt dissolves completely in the water, giving a homogeneous 
mixture or solution of salt in water; this solution consists 
of only one phase. The sand does not dissolve. Now suppose 
we shake up some ordinary soil with water, and let it settle. 
The mineral salts, being soluble, dissolve in the water, while 
the sand settles to the bottom; but why does the liquid 
remain permanently turbid ? It is because the fine clay 
particles, although insoluble, remain in permanent suspension 
in the liquid, being too small to settle like the sand, and we 
have a suspensoid sol, the continuous phase of which is a weak 
solution of mineral salts, while the disperse phase consists of 
extremely small clay particles. The latter are ultramicro- 
scopic, and stand midway between the dispersed molecules 
of a true solution and the larger particles of a suspension. 
v Now since water is the chief constituent of the dispersion 
medium of living protoplasm, we can understand that with- 
drawal of water will slow down vital activity, and ultimately 
stop it, without, however, necessarily killing the cell. Active 
protoplasm normally contains from 70 to 80 per cent, water 
by weight. Hence, in order to live on land, plants must 



24 


GENERAL HISTOLOGY. 


evidently adopt measures to check excessive loss of water as 
compared with the intake.* 

To return to our soil experiment. The mineral salts can 
be separated from the clay by the simple process of dialysis; 
i.e. the liquid is poured in a tambourine with a parchment 
bottom, and the tambourine is floated on water. The mineral 
salts, being crystalloid, and having very small molecules, pass 
through the minute pores of the parchment into the water; 
while the colloid clay particles, being too large to pass through, 
remain in the liquid in the tambourine. Now living proto- 
plasm, like all colloids, can imitate the parchment membrane 
by forming a “ gel ” membrane inside the cell- wall, which it 
does by a process like the “ setting ” of an ordinary table- 
jelly. This gel membrane is semi-permeable, so that while 
not allowing colloid proteins or the large molecules of osmotic 
substances such as sugars in the cell-sap to pass out, it will 
nevertheless allow water and the small molecules of mineral 
salts to pass in. These mineral salts are held or “ adsorbed ” 
by the particles forming the disperse phase, whose surface 
energy is very great. These particles are no doubl/ largely 
liquid globules of mucilage and fat-droplets, and these form an 
emulsoid sol, while at the same time the solid protein particles 
of the complex disperse phase produce a suspensoid sol, as in 
the case of the clay. 

It is believed that in the formation of a “ gel ” the particles 
of the disperse phase in the “ sol ” run together to form a 
spongy reticulum, the interstices of which are filled with the 
more liquid continuous phase of the sol. Thus Hardy found 
that great pressure was necessary to squeeze the water out of 
a table- jelly that had “ set,” presumably because the water 
was now contained in little compartments that had to be 
ruptured; while the ultramicroscope strongly indicates the 
reticular appearance mentioned above. / 

It will be seen that the colloidal nature of protoplasnp: is a 
factor of the utmost importance in any consideration of 
“ vital ” phenomena. It is at the bottom of the ^pov*er 
which living cells possess of regulating their output to, and 
intake from, the external world; it must be remembered in 
any consideration of the conditions of nutrition and growth. 
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Protoplasm is coagulated by alcohol and acids, and also by 
heat, the temperature at which coagulation takes place 
varying according to conditions. Iodine solution stains 
protoplasm yellow, the denser forms ( e.g . nuclear substance) 
brown. Protoplasmic substance is dissolved by solutions of 
caustic potash and chloral hydrate. Like the cell-wall, all 
protoplasmic substance is permeated with water. 

v 

6. The Nucleus is a body of 
the highest importance in the life 
of the cell. It appears to be tho 
originating centre of all the vital 
processes — the initiator and di- 
rector of all the cell’s activities. 

According to some it plays an 
important part in connection with the nutrition of the cell. 
It seems, however, to exercise a special control over repro- 
ductive processes. This will bo evident when we come to 
consider the processes of cell-division and sexual reproduction* 

The nucleus (Fig. 5) is bounded by a delicate nuclear 
membrana. formed from the surrounding cytoplasm. Inside 
there is a semifluid ground-substance, the nucleohyaloplasm, 
or nuclear sap, in the peripheral region of which is embedded 
a network of fine fibrils usually spoken of as the chromatins 
network. In the ground-substance also, lying in the meshes 
of the chromatin network, are to be found one or more 
small granular bodies, the nucleoli. The chromatin network 
and the nucleoli are the parts which take on stains most 
readily. 

Nuclei are usually spherical or oval in form, but may be 
flattened or more or less elongated. They are never formed 
“ de novo,” i.e. by the simple aggregation and differentiation 
of the protoplasmic substance, but always by division of pre- 
existing nuclei. The division of the nucleus is either direct 
or indirect. In the former method there is a simple splitting 
or bipartition, which is not accompanied by the division of 
the cell. This direct method is known as fragmentation or 
amitosis; it is found chiefly in old cells which become multi- 
nucleate. In the indirect method a complicated series of 
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changes is gone through which constitute what is known as 
karyokinesis or mitosis (see § 18). It is followed by cell- 
division. 

7 . In some cells either one or two small spherical bodies have been 
observed lying close to the nucleus. These are called centrospheres. 
The centrospheres present in animal cells are regarded as important 
structures; but, in plant cells, their presence has been definitely 
established only amongst the Thallophyta and Muscinae, where they 
are especially prominent during nuclear division. Apparently they are 
not to be regarded as permanent or essential structures in plant cells. 

8. The Plastids (Figs. 4, a and 16), like the nucleus, are 
highly specialised and differentiated portions of protoplasmic 
substance. Similarly, they are not formed “ de novo,” but 
always multiply by division (direct). The substance of the 
plastid has a spongy texture. There is a clear, semifluid 
ground-substance, in which is embedded a network of strands 
or fibres of denser substance. 

9. Processes of Histological Differentiation. — In the very 
young or embryo plant all the cells are meristematic, but in 
the older plant the meristematic cells are confined to certain 
points or regions which are distinguished as “ growing- 
points ” — as, e.g. the apical cell or cells of a thallus, the apex 
of stem or root. This localisation arises from the early 
commencement of histological differentiation. The cells 
which are formed are gradually altered or modified in various 
ways to adapt them to the performance of different functions, 
and in this way are produced all the varieties of cell and 
tissue met with in the fully developed organs of a higher 
plant. All these different kinds of cells or cell-structures are 
derived by modication of various kinds from the young cells 
produced at growing-points. 

Before we can satisfactorily describe these various forms 
and kinds of cells, we must consider the nature of the changes 
or modifications which give rise to them. In other words, we 
must give some account of the processes of histological differ- 
entiation . These changes affect both the cell-wall and the 
cell-contents. They may be roughly tabulated thus: — 
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(1) Growth in surface-extent of the cell-wall. 

(2) Thickening of the cell-wall. 

(3) Chemical alteration and impregnation of the cell-wall. 

(4) Changes in the contents. 

(5) Cell-fusion. 

10. Growth of Cell-Wall in Surface-Extent. — In other 
words, the cell grows in size. This growth may be uniform 
or localised. If uniform, the young 
cell simply develops into a larger cell 
of the same form. If localised, the 
resulting cells assume new forms. 

If, for example, the young cell 
grows more especially at three or four 
particular points, the resulting cell 
will show a number of radiating arms 
or outgrowths (the stellate form — Fig. 

29, a). If rapid growth is confined to 
two opposite points the cell becomes 
very long and 'pointed . This elongated 
pointed kind of cell is very common. 

It is called the prosenchymatous form 
(Fig. 6), and is to be distinguished 
from the parenchymatous form, in 
which the cell is usually not much 
longer than it is broad, and is not 
pointed. The parenchymatous form 
shows considerable variety, e.g. it may 
be rounded, oval, polygonal, prismatic, 
tabular or flattened, stellate, etc. Localised growth in surface- 
extent, then, gives rise to different forms of cells. 

11. Thickening of the Cell-Wall. — The thickening of the 
cell-wall does not begin till the cell has reached its full size. 
It also may be uniform (general) or localised. In the former 
case the cell-wall is equally thickened all round. Strictly 
speaking it is rarely met with. Localised thickening is the 
rule. In this case only certain parts of the wall are thickened. 

The character of the thickening varies very much. In 



(Prosenchymatous). 

A, Not strongly thickened ; 
B, End of a thickened 
bast-fibre. 
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some cases it takes place in rings, so that we get annular 
bands formed on the inner surface of the cell-wall (Fig. 7, a). 

In other cases the thicken- 



Fig. 7. Types of Thickening. 


ing is along a spiral line 
(Fig. 7, b). We may 
imagine that this is due to 
the annular thickenings of 
the former case becoming 
interrupted and running 
into each other ; as a 
matter of fact we find 


a, Annular ; b, Spiral ; c, Reticulate. cases where the thickening 

is partly annular, partly 
spiral. If now we imagine the turns of the spiral to be 
arranged very closely, so that at intervals they fuse, we get 
the next type of thickening, the reticulate (Fig. 7, c). Here 
the thickening forms a network or reticulum on the inner 
surface of the cell-wall. 


A Nbi/ B 
Fig. 8. Pitted Cells. 

A, Surface view; B, Cell cut 
longitudinally, showing pits 
in section and surface view. 


The transition from this to the 
pitted or dotted type of thickening °° : 

(Fig. 8) is easy; we have only to 
imagine that the strands of the net- ° Q ° o ° o ° I ' 
work become very thick and the ° “V o 0 j 
meshes correspondingly reduced. In S °°° 0 y & 

this case the whole of the wall, a B 

with the exception of numerous Fig. 8. Pitted Cells. 
small circumscribed areas, undergoes a, Surface view; b, Ceil out 
thickening. When examined under l^seo^ 
the microscope these unthickened 

areas appear like perforations, apertures, or dots, according 
to their size, hence the terms pitted or dotted. The student 
should carefully notice the transition, readily recognisable, 
from the simple annular type to the more perfect pitted type. 

The thickening substance is laid down on both sides of the 
original cell-wall. This, however, can generally be distin- 
guished in the middle of the thickened wall, and is known as 
the middle lamella (Fig. 9). It is evident, then, that just as 
localised growth in surface-extent results in the development 
of different forms of cells, so localised thickening leads to the 
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formation of different patterns or markings on the cell-wall. 
These markings are most characteristically and most distinctly 
developed on wood-elements (wood- vessels and tracheides), 
but are not by any means confined to these. 

Sometimes the thickening of the cell-wall 
is so extensive that the cavity is almost- 
obliterated. This is frequently the case 
in the elements forming a tissue called 
sclerenchyma (Figs. 9 and 6, b). If pits 
are present they become transformed into 
canals running through the thickened wall. 

A curious form of pit, the bordered pit 
(Fig. 10), is developed on the walls of many 
wood- vessels and tracheides. Here a circular 
area of the cell-wall remains unthickened, 
and the edge of the thickening matter all 
round this arches over it in a domelike manner. The apex 
of the dome, however, is open, so that there is an aperture 
leading from the small cavity covered over by the dome into 
the cavity of the tracheide or vessel. A similar structure is 
developed at exactly the same point in the adjacent tracheide 
or vessel. 

A glance at Fig. 10, a, c, will now show that in the wall 

separating the cavities 
of the two vessels or 
tracheides there is a lenti- 
cular space across which 
stretches the original un- 
thickened cell-membrane. 
In a surface view of the 
structure (Fig. 10, b) we 
see the small aperture at 
the apex of the dome as a 
small circle, surrounded 
by a larger circle repre- 
senting the edge of the unthickened membrane where the 
thickening matter begins to arch over the lenticular cavity. 

The student will get a good idea of this structure if he takes 
two small wooden dishes shaped like watchglasses, makes a 



Fig. 10. The Bordered Pit. 


A, Longitudinal section ; B, Surface view ; 
0, Semi-profile. 



Fig. 9. Thickened 
Sclerenchyma. 

(Transverse section.) 
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perforation in the bottom of each, and places them rim to 
rim with a thin sheet of paper between. The thin paper 
between the dishes will represent the unthickened cell-wall. It 
should be noticed that the thin membrane in a fully developed 
bordered pit shows a slight swelling or thickening in the 
middle, called the torus, and is frequently found pushed over 
to one side so as to close the pit. 

These bordered pits are frequently met with on the walls 
of the wood-elements of Angiosperms and Vascular Crypto- 
gams, but they are most typically developed on the wood- 
elements (tracheides) of Gym nosperms. 

Sometimes the pits on a wood-element are very much 
elongated transversely. In this case the thickened bars 
between the elongated pits look like the rungs of a ladder; 
hence the name scalariform, applied to this type of thickening. 
The pits in this scalariform type are frequently bordered 
(Figs. 11 b and 12). 
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Fig. 11. Bordered Pits 
in Surface View. 



Fig. 12. Oval Bordered 
Pits. 


A, Circular ; B, Elongated 
(scalariform). 


A, Longitudinal section; 
B, Surface view. 


12. Note. — The growth and thickening of the cell-wall is due to the 
formation of new particles of cellulose, and their incorporation in the 
cell-wall. According to some, these particles are laid down in layers 
on the inner surface of the wall. This is the apposition theory. Hero, 
increase in surface-extent is supposed to be due to stretching of the wall. 
Others maintain that the new particles are intercalated, or pushed in 
between those already present. This is the intussusception theory. 
Probably both processes go on together, apposition being more important 
in the case of thickening, intussusception in the case of growth in surface 
extent. 
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13. Impregnation and Chemical Alteration of the Cell-Wall. 

— The thickened cell-wall may show much the same chemical 
characters as the young cell-wall, i.e. it may consist of cellu- 
lose with associated pectic substances. But, in many elements, 
the wall during growth becomes impregnated with various 
substances or altered in other ways. It may bo cutinised, 
suberised, lignified, converted into mucilage, or impregnated 
to a greater or less extent with mineral matter. 

Cutinisation is due to the formation of a substance called 
cutin. This modification is most commonly seen in the outer 
layers of the external walls of epidermal cells, where it has 
been called cuticularisation . The cutinised layers which 
apparently contain no cellulose extend over the epidermis, 
forming a membrane known as the cuticle (see Fig. 35, a). 
The properties of the cell-wall are completely altered by this 
change. It not only gives firmness to the walls, but also 
renders them almost impermeable to water. 

Suberisation is a very similar modification, due to the 
formation of a waxy aggregate substance called suberin . 
This change is met with in cork cells, and, like cutinisation, 
it renders the cell-walls impermeable to water. It is the 
middle layer of the cell-wall which is suberised. Cutinised 
or corky walls are stained yellow by iodine solution, yellow or 
brown by Schulze’s solution.- They are not acted on by 
sulphuric acid. 

Lignification is probably due to chemical alteration of the 
cell- wall and its impregnation with two substances which have 
been grouped together and called lignin. It is met with 
only in thickened cell-walls, as in the cells or elements of 
wood and sclerenchyma. While giving great strength and 
rigidity to the cell-wall, this change does not interfere with 
its elasticity or permeability. Lignified walls are stained a 
bright yellow by aniline sulphate (or chloride), yellow, or 
sometimes brown, by iodine, yellow by Schulze’s solution; 
under the action of iodine and sulphuric acid they become 
brown and swell up.* 

* See footnote, p. 22. Aniline sulphate solution is a saturated 
solution of aniline sulphate in water, to which a drop of sulphuric acid 
is added. 
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Mucilaginous walls, when dry, are hard and horny. The 
property which peculiarly distinguishes them is their great 
capacity for absorbing water. When moistened or soaked in 
water they swell up and become soft and sticky. This 
property of absorbing and retaining water is of use to plants 
which are exposed to periods of drought or risk of desiccation. 
In extreme cases the absorption of water may lead to the 
disorganisation of the mucilaginous cell-wall, and produce 
drops of gum. This is the origin of the exudation of gum 
seen on the stems of cherry and other trees, also in many 
bud-scales. The process of germination is facilitated in 
various seeds, e.g. the Flax, because, owing to the mucilaginous 
character of the cell-walls of the seed coat, the seed readily 
adheres to the soil. Mucilage, chemically, is closely allied to 
cellulose, consisting of condensation products of various 
hexose and pentose sugars. 

Of the mineral substances deposited in the cell-wall silica, 
calcium carbonate, and calcium oxalate are the commonest. 
Silica is often found 
so completely im- 
pregnating the cel- 
lulose wall that if 
the tissue is burned 
a complete siliceous 
skeleton of the cells 
is left behind, e.g. 
in the epidermal 
tissues of grasses. 

Isolated crystals of 
calcium oxalate or, 
less frequently, of 
the carbonate are 
occasionally found 
in cell-walls. The 
distinguishing test 
for these mineral 
substances is dilute acetic acid. Calcium oxalate does not dis- 
solve in this acid: but calcium carbonate does, with an evolu- 
tion of gas (C0 2 ), Both are acted on by hydrochloric acid. 


JOOOO DO OOooc3 C~5cx 



EPIDERMIS 


CYSTOUTH 

.--PALISADE 

PARENCHYMA 


SPONGY 

parenchyma 

Fig. 13. Part of Transverse Section of 
the Leaf of Ficus clastica (Indiaritbber 
Plant), showing a Cystolith. 
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The most interesting form in which calcium carbonate is associated 
with the cell-wall is that known as the cystolith (Fig. 13). Cystoliths 
are found only in a few plants, e.g. the epidermal cells of plants belonging 
to the Nettle order and of the Indiarubber Plant. During their develop- 
ment a small cellulose protuberance arises on the cell-wall internally. 
As the protuberance grows, it becomes impregnated with calcium 
carbonate. When fully developed the cystolith forms a pear- or cigar- 
shaped mass, attached by a short stalk to the cell-wall. It has an 
organic basis of cellulose. 




"VACUOLE 

-CYTOPLASM 


Fig. 14. Young Culls, 
showing Formation 
of Vacuoles. 


14. Changes in the Contents. — In the young cell, as we 
have seen, the protoplasm, etc., com- ^ 

pletely fills the cell-cavity. As the v'plastids 

cell grows the increase in the amount "NUCLEUS 

of protoplasm is not sufficient to 

keep pace with the extension of the ^^^'‘"VACuole 
cell- wall. The result is that small cytoplasm 

spaces or cavities, called vacuoles — 

(Fig. 14), make their appearance 

in the protoplasm. They are filled « j T7 

with a watery fluid called cell-sap, Young Cells, 

/ , ' „ / , . f showing Formation 

In the very young cell the relatively op Vacuoles. 

small amount of cell- sap simply per- 
meates the protoplasmic substance and the cell- wall. 

These small vacuoles gradually increase in size, and finally 
all run together to form one large central vacuole (Fig. 15). 
The protoplasm is now reduced to a parietal layer, which 
lines the cell-wall internally, and a 
prim, utricle number of delicate protoplasmic strands 

'■ v <^0 ^, or threads which run across the vacuole 
°° m idd.ie of the cell. The parietal 

* layer forms a sort of bag containing 

°° I/ <? the cell-sap. Hence, when first seen, 
* it was called the “primordial utricle/' 
a name which is still in use. This 
Fi 15 A Typical " utricle ” is bounded externally by a 
Giving, Fully Be- clear external plasmatic membrane which 
velofed Cell. lies just inside the cell-wall, and is 

stiffer in texture than the deeper-lying 
granular endoplasm. A similar clear internal plasmatic 
membrane or vacuole-membrane lines the cell vacuole. 
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Fig. 15. A Typical, 
Living, Fully De- 
veloped Cell. 
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LEUCOPLAST 


Fig. 16 . Plastids (highly 
Magnified). 

A, Chloroplaata of a Mohs (Jntnaria), 
showing division ; Ji, Leuooj>last 
with developing Starch-Grain. 


The nucleus in such a cell is embedded in the little central 
mass of protoplasm formed by the union of the protoplasmic 
strands; but it lies in the primordial utricle when, as frequently 
happens, the protoplasmic strands are absent. This condition 
of the cell is met with in many fully developed plant-tissues, 
e.g. the general succulent tissue of plants. 

In young cells the plastids are colourless. They multiply 
by direct division (Fig. 16), and 
hilum during the growth of the cell they 
may undergo many changes as 
regards colour. It is only in the 
older living cells of the plant that 
they attain their full functional 
activity. Three kinds are dif- 
ferentiated. 

In the cells of underground 
portions of plants (e.g. tubers of 
Potato), or deep-seated tissues 
(e.g. medullary rays of trees) — more generally in tissues not 
exposed to light — they are colourless and called leucoplasts or 
amyloplasts. They have various forms — spheroidal, discoidal, 
rodlike, etc. Their special function is the formation of starch 
from soluble carbohydrates (sugar). 

In parts exposed to light, such as leaves and the superficial 
tissues of herbaceous stems, most of the plastids develop 
the green colouring matter called chlorophyll. They are 
therefore called chloroplasts, chlorophyll corpuscles, or chloro- 
phyll grains. The chlorophyll is apparently dissolved in an 
oily fluid which permeates the protoplasmic substance of the 
plastid. 

The function of chloroplasts is twofold. Like the leuco- 
plasts they can form starch from soluble carbohydrate, but 
in addition to this, by means of the chlorophyll which they 
contain, they have the power of building up carbohydrate 
substance from water and carbon dioxide in the presence of 
light (see p. 13). In all the higher plants they are spherical 
or spheroidal, often more or less flattened. Sometimes the 
green colour is masked or concealed by the presence of other 
colouring matters dissolved in the cell-sap, e.g. leaves of the 
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Copper Beech. When exposed to light leucoplasts develop 
into chloropiasts, while the latter lose their chlorophyll and 
become yellow if withdrawn from light. 

Frequently, however, the plastids in aerial parts contain 
colouring matters other than green. Such are called chromo- 
plasts. They are found in the petals of many flowers — most 
yellow and many red flowers — and in fruits. The colours of 
most blue flowers and many red flowers on the other hand, 
are due to colouring matters dissolved in the cell-sap. Chro- 
moplasts may be formed directly from leucoplasts, but usually 
from chloropiasts. Thus the young floral leaves may be green, 
and the colours of autumn leaves are due to the presence of 
chromoplasts derived from chloropiasts by the decomposition 
of the chlorophyll towards the approach of winter. 

The colours of chromoplasts are due to the presence of 
colouring matters known as xanthophyll (yellow) and carotin 
(orange-red). Chromoplasts sometimes assume crystalline 
forms owing to the crystallisation of carotin, e.g. in the cells 
of the root of the Carrot. Chloropiasts and chromoplasts 
are called chromatophores (colour-bearers). 


Many non-living substances may be produced during the 


metabolism of the cell, and a 
or in the cell-sap. These 
substances are either soluble 
or insoluble. In the former 
case they arc dissolved in the 
cell-sap; in the latter they 
appear in solid form, usually 
in the protoplasm. They 
may be arranged in three 
groups. First, there are 
plastic substances which are 
at some time or other made 
use of by the protoplasm as 


found either in the protoplasm 



STARCH GRAINS 


Fig. 17. Cells with Grains of 


food-material (see p. 14). Starch and Protein. 


The most important are 

starch grains, protein grains (Fig. 17), oil or fat (these are 
insoluble), various sugars and nitrogenous compounds of the 


nature of amides (these are soluble) . Then there are secretions 
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(p. 15). The more important are the organic acids, various 
colouring matters, and many ferments (these are soluble). 

The third group consists of those substances which, being 
of no apparent use to the plant, are called waste-products 
or excretions. The most important are the alkaloids although 
they do not have a wide distribution, scarcely occurring at all 
in Monocotyledons and Gymnosperms. These are nitrogenous 
substances, many of which constitute the active principles of 
medicinal plants, e.g. morphine, atropine, quinine, nicotine, 
strychnine, caffeine, etc. Amongst the waste products are 
also included ethereal oils, resins, tannins, and various mineral 
substances. 

Some of the more important non-living substances mentioned above 
will be considered more fully in § 17. It must be pointed out here, 
however, that there is no clear distinction between these three groups of 
substances. As illustrating this point reference may be made to a large 
group of substances found in plants. They are called glucosides, and 
may be regarded as compounds of glucose or grape-sugar with various 
nitrogenous and non-nitrogen ous substances. Of these amygdalin, 
found in the Almond, coniferin in Conifers, salicin in Willows, are 
examples. They are generally included amongst the waste -products. 
When acted upon by ferments, however, they are decomposed, and 
glucose, a nutritive substance, is usually one of the products. Thus 
the glucosides might equally well be regarded as stored plastic com- 
pounds. 

Take another example. We have already referred to the mucilaginous 
modification of cell-walls. But mucilage may also be found amongst 
the cell -contents, and is sometimes poured into special tubes or ducts. 
It is found in many plants which have to make provision for water- 
storage, e.g. the bulbs of Onion and of various Orchids, tho leaves of 
many succulent plants, etc. Since it enables plants to store up water 
it may be regarded as a secretion product. On the other hand there are 
certain cases in which mucilage must be regarded as a storage form of 
food-substance, as in the seeds of certain Leguminosae. With regard 
to substances usually classified as waste-products our knowledge is 
limited. It may be that many of them play an important part in the 
metabolism of the plant. 

Finally, in connection with the changes taking place in the 
interior of cells, it has to be noticed that the contents, proto- 
plasmic or otherwise, disappear altogether from many cells 
towards the close of their development. Evidently the 
tissues consisting of such “ cells ” can only discharge a purely 
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mechanical or physical function as vascular or supporting 
tissues. Here the cell-walls are of importance, not the living 
substance. The protoplasm ends its work when it has 
sufficiently moulded the walls in accordance with the functions 
they have to carry on, and disappears. The occurrence of 
tissues which have lost their living substance and are therefore 
dead must be carefully noticed. We have examples of these 
in wood- vessels and sclerenchyma (Figs. 6 and 9). 


15. Cell-Fusion.— -Frequently, in the development of masses 
or rows of cells, the cell-walls break down and disappear. 
The extent to which this takes place varies considerably. 
Sometimes a whole mass of cells disappears owing to complete 
absorption and disappearance of their walls, and a large 
irregular space or cavity is formed. This is the origin of most 
of the large irregular cavities met with in plants, such, for 
example, as the spaces found in the middle of many stems. 



Fig. 18. Lysigenous Cavity 
with Drop of Ethereal 
Oil. 



Fig 19. Laticiferous Vessels 

RUNNING THROUGH ThIN- 
walled Parenchyma. 


Sometimes more definite passages are formed by a similar 
absorption of longitudinal series of cells. Cavities or passages 
formed in this way, by complete absorption of cells, are said 
to be developed lysigenously (Fig. 18). On the other hand, 
definite tubes or vessels bounded by distinct walls are produced 
from rows of cells, if the absorption affects only those walls 
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which lie between the original cells, so that their cavities 
become continuous. If irregular rows of cells fuse in this 
way, the vessels formed branch and anastomose (i.e. the 
branches run into each other) to form a network, as in the 
formation of laticiferous vessels (Fig. 19). A straight, tubular 
vessel is formed if cells in a single definite longitudinal series 
fuse together, as in wood- vessels (Fig. 63). 

16. Intercellular Cavities. — Young cells are all closely in 
contact with each other. There are no spaces between 
them. But in cells growing in different directions and taking 
on different forms, the cell- walls must be subjected to a 
considerable amount of strain. The cell- walls yield to this 
by splitting at certain points, so that small cavities, called 
intercellular spaces , appear between the cells. In most cases 
these are small, and, in sections , are seen more especially at 
the angles of the cells (Figs. 15 and 17). They are not, how- 
ever, isolated from each other, but communicate so as to 
form a continuous system. They are of great importance in 
the plant, as they serve for the ready passage of various gases 
and vapours, the most important of which are oxygen, carbon 
dioxide, and water vapour. 

Frequently larger cavities or passages are formed by the 
separation of masses of cells from each other, owing to a 
splitting apart of the cell-walls in this way. This is the 
schizogenous method of development of such spaces and 
passages. Most resin-passages, e.g. Ivy, Scots Fir, are formed 
in this way. 

17. Non-Living Cell-Contents. — We must now give a fuller 
account of some of the more important non-living substances 
found in cells, and already mentioned on p. 35. 

(1) The Cell-Sap is a watery fluid, containing many sub- 
stances either in solution or in suspension. The water is 
derived from the soil in the process of root-absorption. It 
may contain various inorganic salts, nitrates, sulphates, phos- 
phates, etc., dissolved in it. Amides (e.g. asparagin, C 4 H 8 N 2 0 3 ) 
and sugars are the most important plastic substances con- 
tained in the cell-sap. The chief sugars are dextrose, glucose 
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or grape-sugar (C fi H 12 0 6 ) and saccharose, sucrose or cane-sugar 
(CyHL^On). Other sugars sometimes found are laevulose 
or fructose (C 6 H 12 Q 6 ) and maltose (0 12 H 22 0 n ). 

Another carbohydrate sometimes found is inulin, a poly- 
saccharide like starch, but soluble. 

Inulin is especially abundant in the 
cells of many Compositae ( e.g . roots of 
Sunflower and Dahlia). Though dis- 
solved in the cell-sap it is, in material 
preserved in alcohol, precipitated by the 
alcohol in the form of very character- 
istic crystalline masses, called sphaerites 
(Fig. 20), marked by a series of con- 
centric and radiating lines. 

Colouring matters, organic acids (e.g. 
malic, citric, tartaric, and oxalic), and 
ferments are the most important of the 
secretions present. As already mentioned, 
excreted products such as tannin, gluco- 
sides, and various alkaloids are also 
present. 

The cell-sap is to be regarded as a nutritive fluid and as a 
receptacle for waste products. It can diffuse from cell to 

cell, and permeates the 
substance of protoplasm 
and cell-wall, so that the 
protoplasm absorbs from 
it the substances neces- 
sary for its nourishment. 

(2) Starch, like cellulose, 
is a polysaccharide carbo- 
hydrate . Its f or mul a may 
be given as w(C 6 H 10 O 5 ). 
It is found in plant-cells 
in the form of grains 
(Figs. 17 and 21), most 
abundantly in parts which serve as store-places of reserve 
material. 

The formation of the grains is nearly always the work 




Pig. 20. Cells with 
Inulin-Crystals. 
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of leucoplasts, chloroplasts, or chromoplasts. They are 
developed inside the plastids, and chloroplasts are often 
much distended by them. The starch grains present in 
chloroplasts are small because there the storage of starch is 
temporary. In the case of leucoplasts, which are found in 
more permanent store-places, they are frequently large, and 
appear to lie outside the plastids, owing to their formation 
beginning near the margins of the plastid bodies (Fig. 16). 

When the grains are examined under the microscope 
they are found to exhibit stratification, a number of layers 
being arranged round a definite point called the hilum. Some- 
times the layers are arranged quite regularly and concentri- 
cally (Fig. 21, d); but often the arrangement is excentric, 
and the hilum lies near one end (Fig. 21, a). Concentric 
grains are formed in the centre of the plastids; excentric 
grains to one side of them. The reason, of course, is that, in 
the former case, the substance of the plastid invests the grain 
equally, and regular starch-layers are deposited; while in 
the latter case, the starch-layers are thickest on the side 
next the main body of the plastid. 

The starch is laid down in layers by apposition, and the 
stratified appearance is due to the different layers containing 
varying amounts of water, and therefore differing in density. 
Starch grains usually also contain a gummy substance, 
amylopectin , which causes the grains to unite when treated 
with boiling water. The grains assume many different 
forms, but the form is characteristic in each particular plant. 
Those of the Potato are oval and excentric; of the Wheat, 
spherical or lenticular and concentric; of the Rice, polygonal. 

Sometimes a plastid begins to form a number of grains at 
the same time. As these grow they are enclosed in common 
layers and form compound grains (Fig. 21, b, o). Spuriously 
compound grains are produced by separate grains simply 
becoming aggregated together. Starch-grains when fully 
formed may be found floating free in the cell-sap. Starch 
is stained a dark blue, sometimes violet, by iodine solution, 
and is therefore readily detected. 

(3) Protein Grains (Figs. 17 and 22). These are solid grains 
of protein formed as reserve food-material in connection with 
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nutrition. They are formed from vacuoles, whose contents, 
rich in albumen, harden into grains. They may be found in 
any living cell, but are especially large and abundant in the 
cells of many oily seeds. In many cells they are extremely 
minute and form granular aggregations. They are spoken of 
generally as aleurone grains. 

If some of the larger forms met with in 
seeds ( e.g . Castor Oil or Brazil Nut) be 
examined, they are found to contain a 
denser protein body called the protein 
crystalloid (Fig. 22), and also, to the side 
of this, a clear mineral body, called the 
globoid, consisting of a double phosphate 
of calcium and magnesium. Sometimes a 
number of crystalloids are present in an 
aleurone grain. The grains, especially the 
crystalloids, are stained yellow or brown by 
iodine (cf. the nucleolus and chromatin fibrils of the nucleus). 
By taking on stain in this way, and also by the fact that it can 
be made to swell up under the action of various reagents, the 
crystalloid is readily distinguished from a mineral crystal. 

Aleurone grains are insoluble in alcohol, but are more or 
less soluble in water or in a solution of salt. Protein crystal- 
loids are not present in all protein or aleurone grains, and they 
may occur by themselves, as in the outer cells of the potato- 
tuber, and in the seed of the Brazil Nut. 

(4) Fats and Oils. — Fatty oils occur in the form of drops 
or globules in the general protoplasm of cells and also in the 
vacuoles, and are found most commonly in seeds, e.g. sweet 
oil in Olive, linseed oil in Flax. They may be considered, 
chemically, as compounds (esters) of glycerine and fatty acids, 
and are believed to be formed from carbohydrates. All of 
them are soluble in ether, but, with the exception of castor 
oil, almost insoluble in alcohol. They are non-volatile and 
are obtained from seeds by pressure. Most of them are 
stained brown by 1 per cent, solution of osmic acid. 

(5) Kesin appears in various forms in many ceils, sometimes 
mixed with other substances such as tannin, gum, or mucilage. 
Frequently the resin is poured into special resin-passages. 



Fig. 22. Cell with 
large Aleurone 
Grains. 
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(6) Ethereal or Essential Oils occur frequently as excretions 
(or secretions), in the vegetative parts of plants, e.g. in the 
cells of many leaves, and in glandular hairs. They are mostly 
mixtures of aromatic compounds, and are quite distinct from 
the fatty oils. They differ also from the fatty oils in being 
volatile. Owing to this they leave no permanent mark or 
stain on paper and can be prepared by distillation. Like the 
fatty oils, however, they are stained by osmic acid. They 
may serve a useful purpose in plants by warding off insects, 
and the odours of liowers, which attract insects, are due to 
the presence of ethereal oils in the petals. 

(7) Mineral Crystals. — Both the oxalate and the carbonate 
of lime are precipitated in the form of crystals or crystalline 
masses. They may be regarded as excretions of superfluous 
mineral matter. The oxalate is by far the commoner. They 
may occur in the form of small crystals (Fig. 23), or in rounded 
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Fig. 23. Part of Trans- 
verse Section of a Leaf 
(Region of the Upper 
Surface), showing a 
Crystal in one of the 
Cells. 



Fig. 24. Cells with A, 

R aphides; B, Sphaeraphides. 


and more or less angular crystalline aggregates called sphaera- 
phides (Fig. 24, b). A very characteristic form of calcium 
oxalate is the elongated acicular or needle-like form. Groups 
of these acicular crystals occur in the cells of many Mono- 
cotyledons (e.g. Arum) and some Dicotyledons (e.g. species of 
Dock). They are called raphides (Fig. 24, a). 
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18. Cell-Formation. — Having described plant-cells, their 
structure, modifications, and contents, we have now to 
consider the origin or formation of new cells, for it is evident 
that wherever growth or reproduction is taking place there 
must be development of new cells. In all cases new cells 
are formed from pre-existing cells. In the vegetative parts of 
plants they are nearly always produced by very characteristic 
cell-division. Each meristematic cell, after reaching a certain 
size, divides into two daughter-cells, which may repeat the 
process. The division of the cell is preceded by the karyo- 
kinetic division (p. 26) of the nucleus. 

Sometimes in vegetative parts, but more frequently in 
connection with reproductive processes, new cells are developed 
by processes known as multicellular formation and free cell- 
formation, in which also there is karyokinetic nuclear division. 
In the development of reproductive cells, two other processes 
are met with, in which there is no preceding nuclear division 
— namely rejuvenescence and conjugation. We shall now 
briefly consider these methods of cell-formation. 

(1) Ordinary Cell-Division. — Here we have to describe the 
series of changes which take place in the indirect division of 
the nucleus and constitute karyokinesis (Gk. lcaruon, a nucleus, 
and kinesis , movement) or mitosis (Gk. mitod, to weave thread) 
(see Fig. 25). First the nucleus becomes larger; then the 
chromatin network thickens, opens out into a convoluted 
thread (spireme stage) and finally breaks up into a number of 
curved, U- or V-shaped rods called chromosomes. The 
number of these is constant for each species of plant. During 
these changes the nuclear membrane gradually disappears, 
and a number of fine fibrils or threads are formed in the 
surrounding cytoplasm, giving rise to a barrel-shaped structure 
called the nuclear spindle (A-C). 

The chromosomes pass to the equator of the spindle and 
attach themselves to its threads with their free ends directed 
outwards. They thus give rise to a star-like structure called 
the nuclear disc (C). This is the star or aster stage in the 
process. While the nuclear disc is being formed each chromo- 
some divides longitudinally into two thinner U or Vs, so that 
the number of chromosomes is doubled. Then the chromo- 
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somes begin to move along the threads of the nuclear spindle 
outwards to the poles — half of them to one pole, the other 
half to the other pole. In this movement the apices of the 
V-shaped chromosomes are directed outwards (D, E). It 




Fig. 25. A-H Stages in Kabyokinesis and Cell-division. 
I-K, Longitudinal Splitting of a Chbomosome. 


should be remembered that the two halves of each original 
chromosome pass to opposite poles. In this way the substance 
of the original nucleus is equally divided. At the end of the 
movement we can recognise two stars; this is the diaster stage. 

At each pole the chromosomes become aggregated, and 
thus two daughter nuclei are formed (F-H). During the 
process of nuclear division the nucleoli are disorganised; 
nucleoli reappear in the daughter nuclei. In the lower plants 
centrospheres (p. 26) have been observed at the poles of the 
spindle; they appear to act as directive centres. 
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Towards the close of the nuclear division, when the daughter 
chromosomes are passing outwards to the poles, small granules 
are deposited on the threads of the nuclear spindle in the 
equatorial region. These fuse to form a membrane called 
the cell-plate. During its formation the spindle threads 
increase in number so that the new membrane extends laterally 
until it reaches the walls of the parent cell (F, G) . The cell-plate 
then splits into two layers, and the new cell-wall which divides 
the mother cell into two daughter cells is laid down between 
them (H). This primary cell-wall, after thickening takes place, 
persists as the middle lamella (p. 28), and usually consists, not 
of cellulose, but of pectose or of calcium pectate. The portions 
of the threads in the middle lamella persist as the fine proto- 
plasmic connections between the daughter cells. Stages A-C con- 
stitute Prophase, D Metaphase, E Anaphase, andF-H Telophase. 


(2) Meiosis or Reduction 
Division. — This method, 
which occurs in the first 
division of the spore-mother- 
cells in higher plants, differs 
from karyokinesis in that the 
daughter nuclei formed con- 
tain only half as many chromo- 
somes as were present in the 
parent nucleus. This is only 
found as a preliminary to the 
formation of the sex-cells. 
At fertilisation, the sex-cells, 
or gametes, fuse together in 
pairs, and their nuclei fuse, 
but their chromosomes do not 
fuse, but simply lie together 
in the fusion-nucleus, thus 


SPORE 

MOTHER CELL SEX CELLS 


A(MEIOSIS)g 


FERTILISATION 


MITOSIS 


/<Tv\ 

iy \ay) 


/4-CELLED STAGE! 

\0F NEW PLANT./ 

Fig. 26 . Illustrating Diagram- 

MATICALLY THE POSITION OF 

Meiosis in the Life-history 
of a Higher Plant. 


bringing us back once more 

to the ordinary somatic or “2 n” number of chromosomes. 
Thus, diagrammatically (Fig. 26) we have, imagining for 
simplicity a case in which the body or somatic cells of a 
plant possess four chromosomes in the nucleus, a cycle in which 
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A represents a spore-mother-cell, with four chromosomes; 
this produces, by meiosis, sex-cells; each of these contains the 
“ n ” number of chromosomes, in this case, two. B and C 
are sex-cells of opposite sexes, which fuse to give the cell D, 



Fig. 27. Diagram of stages in Meiosis in a case where the 

FIRST DIVISION (STAGES E AND F) IS THE REDUCING DIVISION, 
AND THE 2 n NUMBER IS TAKEN AS 4, IN A. 


which, by repeated mitotic divisions forms the multicellular 
embryo of the new plant, and this in its turn will produce 
more spore-mother cells. 

Actually, meiosis proceeds somewhat as follows (Fig. 27) ; — 
A, the leptotene stage, shows two pairs of homologous 
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chromosomes (four chromosomes in all). In B the pachytene 
stage, they are thicker; in D, the diplotene stage, they are 
bunched at one end of the nucleus ; this is synizesis. A certain 
amount of interchange of material may take place here. D 
is diakinesis, and the smaller pair have assumed a character- 
istic shape. E is the metaphase of the meiotic mitosis; two 
chromosomes are proceeding to each pole, and have already 
split longitudinally, in preparation for the second, or homo- 
type division of the meiotic phase. This second division, 
which follows at once after the first, or heterot-ype division, is 
like an ordinary mitotic division, in that it does not halve the 
number of chromosomes; we started in A with four chromo- 
somes, the two nuclei in F have two chromosomes each, and so 
have the four nuclei in H. 

(3) Multicellular Formation and Free Cell-Formation.— 

Multicellular formation differs from the above in that division 
of the cell does not immediately follow mitotic division of the 
nucleus. By repeated mitotic division of the successive 
daughter nuclei, a large number of nuclei are produced lying 
free in the protoplasm of the cell (free nuclear division). 
Towards the close of this process the protoplasm begins to 
aggregate round these nuclei to form naked protoplasts (p. 20). 
Finally, cell- walls are formed between them. These new cells 
are formed inside the mother-cell, and the young cell- walls are 
entirely new structures. In ordinary cell-division the dividing 
plate is the only new part of the cell-wall formed. Typical 
multicellular formation is seen in the development of the 
endosperm of seeds. 

Free cell-formation is seen, for example, in the formation of 
ascospores of certain fungi. The nucleus divides by karyo- 
kinesis into eight, and some of the cytoplasm then collects 
round each of the new nuclei, leaving, however, some residual 
cytoplasm, or “ periplasm.” Each of the eight new cells 
forms a new cell- wall round itself, and becomes an ascospore. 

Occasionally the rapid division of the nucleus is not followed 
by the actual division of the protoplasm and the formation 
of cell-walls. We simply get a number of nuclei lying in the 
protoplasm, or rather, perhaps, an aggregation of protoplasts 
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with their nuclei. Such a structure is called a coenocyte. 
We have examples in laticiferous “ cells.” The coenocyte may 
seem to be indistinguishable from a multi-nucleate cell. As 
points of difference, it should be noted that a cell becomes 
raultinucleate only in an old condition, and the division of the 
nucleus is direct, not mitotic. 

(4) Rejuvenescence and Conjugation. — Many reproductive 
bodies, either asexual or of the nature of gametes (p. 17), are 
simply naked protoplasts, either motionless, or moving by 
means of vibratile protrusions of the protoplasm called cilia. 
The cells in which they are developed are called mother-cells. 
In many cases they are produced, not by the division of the 
protoplasmic contents of the mother-cells, but by a process 
of rejuvenescence, in which only one is formed in each mother- 
cell. In the process the protoplasm or part of the protoplasm 
aggregates in the middle of the cell, the cell- wall bursts, 
and the protoplasmic unit is set free, forming a new cell 
(protoplast) which has altogether different activities and 
different properties from the cell which produced it. The 
protoplasm has, as it were, taken on a new lease of life. Hence 
the term rejuvenescence for this form of cell-formation. It 
will be noticed that there is no nuclear division, and no 
increase in the number of cells. 

A similar process takes place in connection with the forma- 
tion of spores in the higher plants, but in this case cell-walls 
are formed round the spores before they are set free. 

Conjugation is the term applied to the fusion of gametes 
(see p. 17). Not only the protoplasm of the gametes, but 
also their nuclei, fuse together, and the result is a new cell 
(zygote) with altogether different potentialities. It will be 
seen that, in this form of cell- formation, there is a fusion of 
nuclei and a reduction in the number of cells. The term 
conjugation is strictly applied to the fusion of similar or 
undifferentiated gametes, when the zygote is called a zygospore. 
The term fertilisation is given to the process in the higher 
plants where a male gamete makes its way, or is carried, to 
a distinct female gamete (ovum or oosphere), and the zygote 
is called the oospore. 
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B. The Tissues. 

19. A tissue may be defined as an aggregation of similar 
cells or elements, united from the first, governed by the same 
laws of growth and development, and having therefore a 
similar structure adapted to the performance of the same 
function. The significance of the differentiation of tissues has 
already been indicated. The tissues of a plant may be 
arranged in two chief groups: (a) Meristematic Tissues; 
(b) Permanent Tissues. The former are the tissues found at 
growing points. They consist of meristematic cells, i.e. cells 
which possess the power of dividing. In the latter group are 
included all tissues derived from the former by various 
processes of differentiation. They consist of cells or elements 
which have lost the meristematic property, and taken on some 
fixed or permanent structure, adapted to the performance of 
some special function. 

20. Meristematic Tissues. — As already indicated (p. 26), the 
regions of meristem become restricted. These meristematic 
regions may be apical (apical meristems), as at the apices of 
stems and roots, where they provide for the further growth 
of these members in length. But frequently we find meriste- 
matic layers situated between masses of permanent tissue 
(intercalary meristems). When an intercalary meristem 
provides for secondary increase in thickness of a member 
(the trunks of trees, for example) it is called a cambial layer 
or cambium. 

Meristems are also distinguished as primary or secondary. 
A meristem which has persisted throughout the growth of a 
member (e.g. stem or root), and which therefore was present 
at the first origin of the member, is a primary meristem. So 
also any meristematic layers which have been directly derived 
from it, as in farts of some cambial layers. A secondary 
meristem is produced when living cells of permanent tissue 
take on meristematic activity. This is the case with most 
cambial layers. 

The structural characters of meristematic cells (Fig. 4) have 
already been described (p. 21). We may summarise the 
I. BOT. 4 
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characters of the tissue thus: A meristem is an active growing 
tissue. Its cells are in an active state of division. The cells 
have all approximately the same form and structure. In 
apical meristems they are usually more or less polygonal; 
in cambial layers they are usually flattened and more or less 
elongated. The cell-walls are thin and consist of cellulose 
(with associated pectic compounds); the protoplasm com- 
pletely fills the cell-cavity; the nucleus is large and well- 
defined; there are no intercellular spaces. 

21. Permanent Tissues. — Some of these are clearly marked 
off from each other; but others are connected by so many 
transitional or intermediate forms that it is impossible to 
classify them sharply. As a matter of fact very different 
classifications have from time to time been proposed. The 
following classification is based partly on the forms of the 
component cells (parenchymatous or prosenchymatous), 
partly on the characters of their walls or contents (cutinised, 
lignified, etc.). 

22. (1) Thin-Walled Parenchyma (see Fig. 62). — This is 
one of the commonest kinds of tissue found in plants. It 
constitutes the greater part of the soft succulent tissue, e.g. 
the tissue of Algae and Mosses, the cortex and pith of stems, 
the mesophyll of leaves. The cells are parenchymatous in 
form. They may be rounded or oval, with numerous inter- 
cellular spaces (spongy parenchyma, Fig. 13), slightly elon- 
gated and arranged perpendicularly to some surface (palisade 
parenchyma, Fig. 23), elongated and prismatic, stellate, etc., 
etc. The thin cell- walls consist of cellulose. Primordial 
utricle, protoplasmic strands, nucleus, vacuole, and cell-sap 
are usually present. Various substances may be formed in the 
cells, such as starch, protein grains, oil, resin, etc., etc. Small 
intercellular spaces are nearly always present. Sometimes, 
as in the pith of some trees, the cells entirely lose their contents. 

It is a tissue essentially engaged in the processes of assimila- 
tion and nutrition. The cells containing chlorophyll can 
elaborate organic substances; other cells serve for the storage 
of these substances; and, through it, plastic substances in 
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solution in the cell-sap arc carried by slow diffusion over the 
whole plant. Although the cell- walls are comparatively thin 
it also exercises a strengthening or supporting function by 
reason of the turgid condition of the cells. The important 
part it plays in this respect is shown by the drooping of 
herbaceous plants when deprived of water. 

Occasionally a similar tissue, but consisting of more or less 
prosenchymatous cells, is met with. This may be distin- 
guished as thin-walled prosenchyma. There is, however, no 
sharp distinction between parenchyma and prosenchyma. 

23. (2) Thick-Walled Parenchyma. — In this tissue also the 
cells are parenchymatous and retain their contents, but the 
cell-walls are more or less thickened. The thickened walls 
may consist of cellulose, as in 
the tissue called collenchyma 
(Fig. 28). In collenchyma 
the cellulose thickening is 
laid down more especially at 
the angles of the cells; it is 
a tissue found underneath 
the epidermis of many stems 
and leaf-stalks. In other 
forms of thick-walled, paren- 
chyma the walls are not only 
thickened (equally), but also 
lignified, as in many of the 
thick-walled elongated parenchymatous cells of the wood 
(wood-parenchyma) . 

The cells of collenchyma contain chloroplasts ; the wood-cells 
usually contain storage products. But in addition to nutritive 
or assimilatory functions, this tissue has a mechanical function, 
giving strength to the parts in which it occurs. Collenchyma 
is usually found in members which are still growing. 

Occasionally thick-walled prosenchyma is mot with. The 
cells may be unlignified (e.g. some bast-fibres), or lignified. 
The protoplasmic contents are always small in amount. The 
cells may be spoken of as fibrous cells, or, if lignified, fibrous 
sclerotic cells. 



Fig. 28. Epidermis and Collen- 
chyma of Stem of Sunflower. 


(Transverse section.) 
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24. (3) Sclerenchyma (Figs. 6 and 9). — Amongst the thin- 
and thick- walled tissues just described there are many 
transitional forms. Similarly the thick-walled lignified forms 
lead up gradually to the tissue called sclerenchyma. In this 
tissue the contents have been completely lost, and the walls 
of the elements are thickened and lignified. Its function in 
the plant is purely mechanical. It is the chief strengthening 
tissue found in plants, and its distribution in stems, leaves, 
and roots is largely determined by the strains to which these 
members are subjected. Frequently the thickening of the walls 
is so great that the cavities are almost obliterated (Fig. 9). 

Sclerenchyma usually and typically consists of prosenchy- 
matous elements (fibrous sclerenchyma). These elements are 
often referred to as sclerenchymatous fibres. This form of 
sclerenchyma is typically developed in bands or bundles 
(stereid bundles). The hard bast of 
most fibrovascular bundles is a good 
example of this (see Fig. 63). Occasion- 
ally, however, sclerenchyma consists of 
rounded or slightly elongated paren- 
chymatous elements. Such sclerotic cells 
(Fig. 29), as they are called, are found in 
some fruits (e.g. the “ stone cells ” of the 
Pear), and in the cortex and secondary 
phloem of some woody stems, e.g. the 
Oak. 

The sclerenchymatous elements as a 
rule have simple pits on their walls. If 
the wall becomes very strongly thickened, these pits are 
converted into elongated, often branching, canals (Fig. 29, b). 
Practically it is convenient to regard all thickened forms of 
prosenchyma as sclerenchyma. 



B 

Fig. 29. Sclerotic 
Cells. 


25. (4) Cutinised and Suberised Tissue. — In the formation 
of cuticle the outer walls of the epidermal cells are made 
impervious to water by the addition of a substance called 
cutin. This is usually only deposited on the outer surface 
of a plant, and forms as it were a rubber mackintosh, stopping 
the passage of water both in and out (Fig. 28). 
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In suberisation, a substance called suberin, closely related 
in composition to cutin, and like it, impervious to water, is 
laid down in the intermediate layers of the cell-walls. This 
process produces cork, which is composed of cells shaped 
like the bricks in a wall, and without intercellular spaces. 
Unlike cuticle, cork may occur quite deep down in the plant 
tissues, and is found in the endodermis, or bundle-sheath 
of roots. 

The function of the tissue is protective — more especially 
to prevent evaporation or diffusion of watery fluids. 

26. (5) Tracheal Tissue. — This is the essential tissue of 
the xylem or wood. In it we recognise two kinds of elements : 
(a) wood-vessels (vasa or tracheae, Fig. 63); (b) tracheides 
(Fig. 11, a). In both of these the walls are thickened and 
lignified, and the protoplasmic contents have disappeared. 
In both, annular, spiral, pitted, or scalariform patterns may 
be developed on the walls. The tracheide, however, is a 
prosen chymatous element developed from a single cell ; 
whereas the vessel is a long, tubular structure derived by 
cell-fusion from a longitudinal row of cells. 

In the Angiosperms the vessels are the characteristic 
structures of the wood, although tracheides also are found, 
especially in the secondary wood of Dicotyledons. Wood 
vessels vary in length from a few inches to a yard, or in some 
cases more. In Gymnosperms and Vascular Cryptogams 
there are, with rare exceptions, tracheides only. Tracheal 
tissue is usually found in bundles. 

Owing to the thickening and lignification of the walls this 
tissue performs a mechanical or supporting function, but it is 
specially adapted to discharge a vascular function. It is 
essentially a vascular tissue. It serves for the rapid transport 
of watery solutions from the root, where they are absorbed, 
to the leaves and other organs, where they are elaborated. 

A typical sclerenchymatous fibre is distinguished from a 
typical tracheide in that, having only a strengthening function, 
it is more completely thickened, and shows no large or definite 
pattern, like the tracheide. Transitional forms, however, 
are of common occurrence. 
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27. (6) Sieve-Tube Tissue (Figs. 30 and 31). — This is the 
essential tissue of the phloem or bast (soft bast) of vascular 

bundles. Sieve-tubes 

> •>. pr/5)lf — -companion are typically devel- 
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Fig. 30. Sieve-Tube Tissue. form sieve-plates, the 

A, Longitudinal section of a sieve-tube through a simple structures character- 

sieve-plate ; Ii, Transverse section showing the sieve- • «L,ta +n^ fln 

plate in surface view. l8llc 01 Sieve-UUDeS. 

In the thickening of 
these end-walls small areas remain thin, forming pits. The thin 
membranes closing these pits are ultimately absorbed (p. 37), 
so that the end- wall is actually perforated in a sieve-like 
manner, and the contiguous cells are placed in communication. 

Usually the whole of the end- wall is perforated in this way 
to form a simple sieve-plate (Fig. 30). Frequently, however, 
when the end-wall is not horizontal, but obliquely inclined, 
we can recognise on it a number of areas perforated in this 
way, the whole structure forming a compound plate (Fig. 31). 
Less frequently in Angiosperms the sieve-plates are formed on 
the lateral walls. 


Inside each segment there is a lining layer of protoplasm, 
but the nucleus degenerates. The protoplasm is continuous 
through the pores of the sieve-plate. At certain times the 
sieve-plate is covered on either side by a substance called 
callus, consisting of a carbohydrate called callose. Callus is 
abundantly developed in the autumn, sometimes to such an 
extent that the pores of the sieve-plate are completely stopped 
up (e.g. in the Vine). The contents of the sieve-tubes (in 
addition to the protoplasm) are albuminous. This albuminous 
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substance is found more especially aggregated in the region 
of the sieve-plates; it contains small starch grains, and, 
owing to the presence of these, is stained slightly violet or 
purple by iodine. 

Along with the sieve- 
tubes in Angiosperms 
are thin- walled elongated 
companion cells, so called 
because they are closely 
associated with the sieve- 
tubes, from which they 
are cut off during develop- 
ment. 

Structures similar to 
the sieve-tubes of Angio- 


Fig. 31. Sieve-Tube Tissue— 
Compound Sieve-Plates. 

A, Longitudinal section ; 15, Oblique compound 
plate in surface view ; 0, in section, a - 
thickened portions of the wall between the 
sieve-plates. 

however, most abundantly 

developed on the lateral walls and the perforations are small. 
They contain no starch. It should be noticed also that 
sieve-tubes, or structures closely resembling sieve-tubes, are 
found in some of the larger Algae where there is a rudimentary 
development of vascular or conducting tissue. 

Sieve-tube tissue discharges a vascular function. It serves 
for the rapid transport of elaborated food-material to the 
various parts of the plant. 

28. (7) Laticiferous Tissue (Milk-Tubes). — This is a tissue 
found only in certain groups of plants. It consists of long, 
branching tubes, containing a characteristic substance, often 
milky in appearance, and called latex. 

Two kinds of laticiferous tissue are recognised. The first 
kind consists of vessels formed by cell-fusion. Owing to the 
fact that the fusion takes place, not in definite longitudinal 
rows of cells, as is the case in wood-vessels, but in irregular 
series, the vessels not only are branched, but anastomose (i.e. 


sperms, consisting oi 
elongated prismatic cells, 
are found in Gymnosperms 
and Y ascular Cryptogams. 
Their sieve-plates are, 
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the branches run into each other) to form a network (Fig. 19). 
The second kind consists of coenocytes (p. 48). In the embryo 
of a plant which possesses these, certain peculiar cells can be 
recognised. In development these cells ” elongate and 
branch, but transverse septa are not formed in them. There is, 
however, repeated karyokinetic division of the nucleus, so 
that these structures are not elongated branched cells, but 

coenocytes. Seeing that there 
is no cell-fusion, it is evident 
that the branches of these 
coenocytes do not anastomose 
(Fig. 32). 

In both vessels and coenocytes 
the walls are somewhat thick- 
ened, but consist of cellulose; 
there is in both a lining layer of 
protoplasm with nuclei. Latici- 
ferous vessels are found in many 
Compositae (e.g. Dandelion), 
Papaveraceae (e.g. Poppy), and 
Campanulaceae (e.g. Harebell). 
Laticiferous coenocytes are 
found very typically in the 
Spurges (Euphorbia). 

The contained substance, the 
latex, presents different appear- 
ances in different plants. It is 
rarely quite watery (Banana) ; usually it is more or less milky 
( Euphorbia ), occasionally thick and coloured (in Chelidonium 
majus , the Greater Celandine, a plant allied to the Poppy, it 
has an orange colour). It consists of water containing various 
substances, either in solution or in suspension. These sub- 
stances are usually of the nature of excreted products, so that 
the tubes are often to be regarded simply as reservoirs of 
excreted matter. Of such substances opium, guttapercha, 
caoutchouc, tannins, resins, and gums are examples. 

Frequently, however, the tubes contain nutritive substances 
as well. These may be nitrogenous or non-nitrogenous. The 
latex of Euphorbia , for example, contains elongated, rod- 



Fig. 32. Laticiferous “ Cells ” 
(Coenocytes) of Euphorbia , 

RUNNING THROUGH THIN- 
WALLED Parenchyma. 
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shaped or dumbell-shaped starch-grains. To some extent, 
therefore, laticiferous tissue may discharge a vascular function, 
serving for the storage and transport of nutritive substances. 

The latex, in many cases, is poisonous, and in contact with 
the skin causes irritating sores, so that it no doubt often 
serves for protection by warding off the attacks of enemies. 

29. (8) Glandular Tissue. — This tissue consists of structures 
of various kinds in which secreted or excreted substances are 
produced. Many of these have been spoken of as “ secretion 
reservoirs.’ ’ Although laticiferous tissue has been treated by 
itself, it is not clearly marked off from this glandular form 
of tissue. The substances produced are of very varied charac- 
ter, such as gum, mucilage, resin, tannin, ethereal oil (Fig. 18), 
mineral crystals (Figs. 23 and 24), water, etc. 

Single cells (“ sacs ”) containing such substances are 
frequently found scattered here and there through the tissue of 
plants — e.g. tannin or resin cells, cells containing raphides, etc. 
These are examples of idioblasts, i.e. isolated cells, which differ 
from the surrounding cells either in. structure or in contents. 

Cells active in the secretion or excretion of water constitute 
organs which have been called hydathodes. The water, 
which is poured out on the surface, often contains mineral 
substances, such as carbonate of lime, in solution, e.g. in 
Saxifrages. The hydathode may consist of a group of epi- 
dermal or sub-epidermal ceils, or it may take the form of 
epidermal hairs. 

Closely allied to hydathodes are the multicellular glands 
forming the nectaries of flowers, the digestive glands of 
insectivorous plants, and the extrafloral nectaries which are 
found on the leaves and other members of various plants, 
e.g . on the leaf of the Cherry. A nectary consists of a group 
of epidermal and sub-epidermal cells; the sugary secretion 
is poured out on the surface and serves to attract insects to 
the flower. The function of extrafloral nectaries is not under- 
stood. By some it is believed that they attract small insects 
and so keep them away from the flowers ; by others, that they 
supply food to various insects which are of use to the plant 
in that they attack and destroy others which are injurious. 
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Glandular hairs (Fig. 36) and other glandular epidermal 
structures must also be noticed here (epidermal glands). The 
hairs may be unicellular or multicellular. The secretion 
may be formed in any of the cells of a multicellular hair, but 
is usually found in the terminal cell, which is frequently more 
or less dilated or globular. The mucilage or resin produced 
in many winter buds ( e.g . the Horse 
Chestnut) is formed by hairs of 
this kind. 

Finally, the “ secretion-reservoirs” 
may be of the nature of cavities or 
passages formed either lysigenously 
or schizogenously (pp. 37 and 38). 
Lysigenous cavities, containing 
various kinds of ethereal oils, are 
frequently found in leaves (Fig. 18) 
and also in many fruits (e.g. orange 
and lemon). Most resin* passages (Fig. 33) are examples of 
such structures formed schizogenously. The resin-passage is 
usually surrounded by a layer of small thin- walled parenchy- 
matous cells — the epithelial layer — by which the substance 
poured into the passage is formed. 

C. Tissue-Systems. 

30. In plant-members the various forms of permanent 
tissue which we have just described are aggregated in various 
ways to form higher unities called tissue-systems. In all the 
higher plants there are three systems which, from their con- 
stant appearance in roots, stems, and leaves, stand out clearly 
and constitute systems of the first rank. These are (a) the 
epidermal system, (b) the vascular system, ( c ) the system of 
the ground or fundamental tissue. It will be advisable to give 
a short general account of these before going on to consider 
the various arrangements met with in different types. 

31. The Epidermis-General Characters (Figs. 34 and 35). — 
The epidermal system, or epidermis, is the outermost 'protective 
layer or membrane of stems, roots, and leaves. As aerial 



Fig. 33. Resin -Passage. 
(Transverse section.) 
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stems and leaves are the members most exposed to adverse 
external influences, it is on these that we naturally find the 
highest development of the epidermal system. 

Typically an epidermis consists of cutinised tissue (p. 52), 
forming a single layer of cells. Sometimes it consists of 
several layers. This is the case at the apex of most roots 
where the many-layered epidermis forms a protective structure 
called the root-cap (Fig. 87). An epidermis of several layers 
is also found in a few stems and leaves. For example, in the 
leaf of the Indiarubber Plant (Fig. 13) it consists of three 
layers of small cells, with here and there a larger cell containing 
a cystolith, and serves, apparently, as a tissue for the storage 
of water. In the epidermis of aerial parts we find ordinary 
epidermal cells , stomalal or guard-cells, and various epidermal 
outgrowths . 



32. The ordinary epidermal cells of a typical one-layered 
epidermis are always more or less flattened or tabular. Their 
outline, when seen in surface view, is very various. As a 
general rule, however, in long members they are considerably 
elongated in the direction of the length of the member, e.g. 
stems and many monocotyledonous leaves (Fig. 34, a) ; while, 
in members as broad or nearly as broad as long, they are not 
elongated, but have an extremely wavy outline, e,g> most 
dicotyledonous leaves (Fig. 34, b). 
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As already indicated (p. 31 ), the outer layers of the external 
walls are cutinised to form the protective cuticle, which serves 
to prevent undue evaporation from the tissues and ward off 
the attacks of insects and Fungi. Frequently also the cuticle 
is covered with a thin layer of wax (“ bloom ”), which 
prevents the surface being wetted and retards the giving 
off of water vapour. The cuticle and waxy bloom are most 
strongly developed in plants which live in bright sunlight 
(sun-plants), or in dry places, or which have for various other 
reasons to economise their water supply and guard against 
the risk of desiccation. In shade- and moisture-loving plants 
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Fig. 36. Epidermis and Stomata. 


the cuticle is poorly 
developed, and it is 
absent from roots and 
the submerged parts of 
aquatic plants. 

In most Flowering 
Plants, the ordinary epi- 
dermal cells, although 
they usually have 
protoplasmic contents, 
contain no chloroplasts. 
The meaning of this is 
apparent if we remem- 
ber that chlorophyll 
is decomposed by ex- 
posure to bright sun- 
light. In aquatic plants, 
however, and in many 
shade-loving plants, 
including Ferns and 
other Vascular Crypto- 
gams, chloroplasts are 
present in these cells. 


A, Section ; B, Surface view. 


33. Guard-Cells and 


Stomata. — The stomatal or guard-cells are so called because 
they surround or guard the openings, known as stomata (Figs. 
34 and 35), numerously developed in the epidermis of aerial 
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parts. These stomata communicate with the system of 
intercellular spaces in the underlying ground- tissue, and serve, 
as we shall see later, as a means of gaseous interchange 
between the plant and the atmosphere. 

Usually each stoma is surrounded by two guard-cells — 
one on each side. The guard-cells are crescentic in form. 
They always contain protoplasm, nucleus, and numerous 
chloroplasts. Their walls are thickened; the thinnest in 
each guard-cell is that which is farthest from the pore. The 
guard-cells can alter their form, and thus increase or diminish 
the size of the opening. In this way they have an important 
part to play in regulating the amount of water-vapour passing 
out of the plant in the process of transpiration. Sometimes 
other small cells {subsidiary cells of the stoma) lie outside the 
guard-cells. 

In the development of a stoma, a small cell, the mother-cell of the 
stoma, is cut off from a young epidermal cell. A cell- wall then divides 
the mother-cell into the two guard-cells. The opening or stoma is 
formed by the splitting of the common wall between the guard-cells. 
Subsidiary cells, when present, are formed by the division of the sur- 
rounding epidermal cells. 


34. Position of Stomata. — Stomata may be developed on 
all aerial leaf and stem structures — even on the ovary and 
anthers of the flower. They occur on the spore-capsules of 
many Bryophyta, but with this exception they are confined 
to the Vascular Cryptogams and Flowering Plants. They 
are not developed on roots or aquatic members. On green 
foliage leaves, where they are most numerously developed, 
their number and position depend largely on the position and 
direction of the leaf, and on the conditions with regard to 
transpiration. In bifacial leaves (p. 10) they are usually most 
abundant on the lower surface, sometimes confined to it, as 
in British evergreens, which have to guard against excessive 
transpiration. On floating leaves, e.g. leaves of the Water 
Lily, they are found on the upper surface. In some bifacial 
leaves, but more especially on vertical leaves (isobilateral 
leaves, e.g, the Iris), they are about equally distributed on 
both surfaces. 
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35. Epidermal Outgrowths. — Frequently there are out- 
growths of the ordinary epidermal cells. These are of the 
nature of hairs or trichomes (Fig. 36). They are of varied 
character — sometimes unicellular, sometimes multicellular. 
They may end in a sharp point ( spike-hairs ), or in a rounded 
knob (capitate hairs). They may be membranous and 
attached by their surface to the epidermis (scale-hairs). 
Elongated membranous hairs attached by one end are called 
ramenta. The hairs may be branched . 
In many cases they are glandular. 

Their function is chiefly protective. 
Thus a thick covering of hair is 
developed on many plants growing in 
dry situations, and diminishes tran- 
spiration. Glandular hairs protect 
plants against the attacks of insects. 
The stinging hairs found in the Nettle 
and other plants discharge a protective 
function in a more aggressive way. 
Root-hairs are absorbing organs; they 
are always unicellular. 

The stinging hair of the Nettle (Fig. 36, a) 
has a siliceous point which is readily broken 
off. When a nettle is touched by the hand, 
the point breaks and a little wound is made 
in the skin, into which the acid sap is forced 
by the sudden contraction of the baso of the 
hair. 

Emergences. — Stronger outgrowths are 
often found on the surface of the plant. 
They differ from trichomes in containing a 
core of ground- tissue (occasionally also 
vascular tissue) and not being outgrowths 
of the epidermis alone. Such outgrowths 
are called emergences. Frequently they are of the nature of prickles, 
as, e.g. in the Rose (Fig. 100). Other examples are found in the 
membranous outgrowths, called ligules, of many leaves, e.g. the leaves 
of Grasses (Fig. 98, k), the petals of the Pink (Fig. 159, b). 

36. Water-Pores or Water-Stomata. — Other openings, closely resemb- 
ling stomata in appearance, but differing from them in important 
respects, are frequently found on leaves, e.g. in Fuchsia and Garden 
Nasturtium. They are called water-pores or water-stomata , because, 



Fig. 36 . — Urtica 
dioica (Nettle). 

a, Stinging hair ; b, Multi- 
cellular glandular hair ; 
c, Ordinary unicellular 
pointed hair. (Highly 
magnified.) 
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instead of giving out water- vapour, they excrete drops of water. They 
are on the average larger than stomata, and their guard-cells, having 
lost their protoplasmic contents, have no power of altering their shape. 
They are usually developed in groups on the upper surfaces of leaves, 
frequently on leaf-teeth or leaf-apices. These groups are often found 
over the fine terminations of the veins of the leaf, i.e. the terminations 
of the vascular system, and are associated with a peculiar glandular 
tissue ( epithem tissue) which is found at the ends of the veins. This 
glandular tissue is a form of hydathode (p. 57). The water which is 
excreted sometimes contains calcium carbonate, as in Saxifrages. In 
this case the glands liavo been called chalk-glands. 


37. The Vascular System. — This is the system of tissue 
which serves for the rapid transference of nutritive fluids in 
the plant. Typical vascular tissue is fpund only in the 
Vascular Cryptogams and Flowering Plants (p. 20). It is a 
continuous system in stem , , leaf \ and root. Usually it consists 
of a varying number of strands or bundles — vascular bundles 
- — running longitudinally through stem and root, and passing 
out into the leaves at all levels. These bundles consist of 
parts (made up of various tissues) called phloem or bast and 
xylem or wood. In stems and roots showing secondary 
increase in thickness owing to the activity of a cambium 
(p. 49), as in trees, this primary arrangement in bundles is 
modified, and stout cylinders of phloem and xylem are 
produced. At present, however, we shall confine ourselves to 
the general characters of a vascular bundle. 

38. The Vascular Bundle ( e.g . Figs. 62, 63, 80, 89). — 
Vascular bundles may consist of xylem only, or of phloem 
only, as in roots; or, as in stems and leaves, of both xylem 
and phloem. In the latter case they are called conjoint 
bundles. The xylem essentially contains tracheal tissue 
(p. 53). Associated with this, however, there are paren- 
chymatous cells (either thin- walled or thickened and lignified 
— p. 51) called wood-parenchyma, and frequently also scleren- 
chymatous fibres, called wood-fibres. The phloem essentially 
contains sieve-tubes (p. 54), but associated with it is a certain 
amount of thin- walled parenchyma — consisting, in Angio- 
sperms, of companion cells (p. 55), and usually, also, of other 
cells known as phloem-parenchyma. 
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Attached to the outer side of the phloem in many bundles 
there is a bundle of fibrous sclerenchyma. This, which is a 
strengthening tissue, really belongs to the ground-tissue, 
although it is called the hard bast. The phloem tissue is 
distinguished from this as the soft bast. When a bundle 
contains a marked amount of sclerenchymatous tissue, or has 
a stereid bundle (p. f>2) associated with it, it is called a fibro- 
vasculax bundle. 

At the apex of stem or root the bundles pass into the 
meristematic tissue, from which they are differentiated. In 
the leaves they spread out and form the veins; the veins end in 
various ways. 

39. The Ground-Tissue System includes all tissues not 
belonging to the epidermal or vascular systems. It is evident, 
therefore, that it consists of many different kinds of tissue, 
and has many functions to discharge. The most abundant 
tissue is thin- walled parenchyma; but associated with this 
are the other tissues in varying amount— sclerenchyma, 
collenchyma, laticiferous tissue, and glandular tissue. Very 
frequently this system is marked out into distinct regions, 
such as the pith, the cortex , the medullary rays, the hypodermis , 
the endodermis or bundle-sheath, the pericycle. All these will 
be described in due course. 



PART II. — THE ANGIOSPERM. 


CHAPTER III. 


SEED AND EMBRYO. 

1. Before proceeding to a detailed consideration of the 
form and structure of the various members of the adult 
plant, it will be advisable to examine their earliest forms as 
found in the embryo. This is readily done by studying the 
structure and germination of a few seeds. The study is 
essentially a practical one and must be carried out by the 
student himself. The fol- 
lowing descriptions and 
figures, therefore, are merely 
intended to help and direct 
him in his work. 

2. The Sunflower Seed 

(Fig. 37). — The so-called 
Sunflower seeds, obtainable 
of any seedsman, are really 
fruits, each containing one 
true seed. They were at- 
tached to the parent plant 
by the pointed end. Before 
examination they should be 
soaked in water for some 
time. The wall of the fruit is called the pericarp. It is dry 
and thick, and can readily be removed by means of a penknife 
or scalpel. The seed which lies inside is invested by a thin 
i. bot. 65 5 
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Fig. 37. Fruit and Seed of 
Sunflower. 

A, Longitudinal section of fruit; B, Em- 
bryo with one cotyledon removed. 
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yellowish or brownish .membrane, constituting the seed-coat 
and called the testa. The removal of this discloses a rather 
fleshy embryo plant, pointed at one end. The pointed end 
is called the radicle. The greater part of the embryo above 
the radicle can readily be split into two lob^s. These are called 
the cotyledons, and are thick and fleshy because of the large 
amount of stored food-material which they contain. 

If a thin section of a cotyledon be examined under the 
microscope, the embryonic cells can readily be made out. 
They are filled with large numbers of rounded grains, which 
are stained brown or yellow by iodine, and are therefore 
recognised as protein or aleuronc grains. A large amount of 
oil also is present which can be recognised, in sections mounted 
in water, in the form of bright, refractive globules. If the 
cotyledons be gently separated there will be found towards 
the base, and lying between them, a small pointed structure 
known as the plumule. The various parts of the embryo can 
also be examined in a longitudinal section (Fig. 87). 

Germination . — If the fruit be placed in the soil, under 
proper conditions, the seed begins to germinate (Fig. 38). 
Under the term germination are included all changes that 
take place from the time the dry seed is placed in proper 
conditions until the young plant establishes itself. The young 
plant in the dry seed is alive but dormant, and the germination 
of the seed is simply an awakening to active life and growth. 

The process can readily be studied in the Sunflower if the 
fruit be placed for some days in moist sand or sawdust. The 
conditions necessary for germination are moisture, access of 
air, and heat. Water is absorbed and causes the embryo to 
swell and burst open the pericarp. A certain degree of heat 
is necessary to start and continue the process of growth. Air 
is necessary for respiration, which is active in germinating 
seeds. 

The embryo grows and develops into a seedling plant. 
This growth takes place at the expense of the food-material 
(oil and protein grains) stored up in the cotyledons. These 
insoluble food-substances are rendered soluble by means of 
ferments (p. 36); they are, in fact, converted into soluble 
compounds by a process of digestion. The soluble compounds 
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diffuse to the growing apices of the plumule and radicle, and 
are made use of as food-material by the protoplasm. 

During these changes the pericarp and testa are split open 
at the pointed end. The tip of the radicle first elongates 
and makes its way out of the fruit (Fig. 38, a). It grows 
downwards into the soil, and forms the root. The part of 
the radicle immediately beneath the cotyledons, known as the 
hypocotyl, also elongates, and grows upwards, carrying with 
it the cotyledons, which increase in size, turn green in the 
sunlight, and are then readily recognisable as leaves of very 
simple form. The plumule , which is at first concealed between 
the cotyledons, eventually develops into the stem and leaves. 



When it first appears at the surface of the soil the hypocotyl 
has the form of a loop or arch (Fig. 38, b). The advantage of 
this in overcoming the resistance of the overlying soil, and in 
preserving the plumule and cotyledons from injury, is obvious. 
The empty fruit-coat may be left behind in the soil, but is 
usually carried above ground on the tips of the cotyledons 
(Fig. 38, d). The hypocotyl is the portion of the axis which, 
after germination, lies between the cotyledons and the surface 
of the soil. It is intermediate i n structure between stem and root. 

From the above it is evident that the’ plumule must be 
regarded as the embryonic shoot, the cotyledons as the 
embryonic leaves , and the radicle as the embryonic root (and 
hypocotyl). In the Sunflower, as in most seeds, the plumule 
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is an extremely small conical structure, showing no trace of 
young leaves. In some plants, however, it is large ( e.g . the 
Almond), and bears little outgrowths which are easily recog- 
nised as tiny undeveloped leaves. The axis of a plumule is 
called the epicotyledonary portion of the axis, or simply the 
epicotyl. Together with the radicle it forms the axis of the em- 
bryo, just as stem and root form the axis of a full-grown plant. 

In the Sunflower there are two cotyledons. This is 
characteristic of the Dicotyledons , the group of Angiosperms 
to which the Sunflower belongs. When the cotyledons come 
above ground and form the first green foliage leaves of the 
plant, they are said to be epigeal. This is the case in most 
dicotyledonous flowering plants. 
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Fig. 39. Seed and Embryo of Lablab. 

A, Entire ; 13, One cotyledon removed ; C, After germination (reduced.) 


3. Seed of Lablab or of Pea (Fig, 39). — This is a true seed, 
and is contained in the pod or fruit. The seed, as before, 
should be soaked first in water, so that the testa or seed-coat 
may be easily removed. On the testa at one end of the seed 
there is an elongated, narrow, whitish scar, the hilum. This 
is the point where the seed has broken away from its stalk* 
On gently pressing the soaked seed, a drop of moisture will 
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be seen to exude from a minute aperture — the micropyle — 
situated at one end of the hilum. Hilum and micropyle are 
present, but not easily recognisable in the Sunflower. 

Inside the seed-coat there is a large embryo plant. This 
consists, as in the Sunflower, of a radicle, a plumule, and 
two cotyledons. The radicle, which is seen to one side, lying 
in a little pocket formed by the seed-coat, is short and blunt. 
Its tip lies close to the micropyle. The cotyledons here are 
much more massive than in the Sunflower, because of the 
larger amount of food-material stored up in them. The 
food-material consists of starch and protein grains. The 
plumule, as in the Sunflower, lies between the cotyledons. 
It is, however, larger, and shows the rudiments of young 
leaves. 

A striking difference between the Pea and Sunflower is 
found in the behaviour of the cotyledons at germination. In 
the Pea the hypocotyl remains short, and the cotyledons da 
not come above ground', but remain inside the seed-coat, and 
simply supply food-material to the young plant. Such 
cotyledons are said to be hypogeal. This is the case in a 
number of plants where the cotyledons are massive. The 
plumule escapes from the seed-coat owing to the elongation 
of the stalks of the cotyledons. The arched form of the 
epicotyledonary portion of the axis should be compared with 
that of the hypocotyl in the Sunflower. 

The structure and germination of the Lablab should be 
compared with that of its allies, the Pea (Pisum sativum ), 
Ground-nut (Arachis hypogaea), Broad Bean (Vicia Faba), 
Gram ( Cicer ), Crab’s Eyes ( Abrus ), and Lima Bean (Phaseolus 
lunatus). In the case of the first four the cotyledons are 
hypogeal, while in the remainder they are epigeal. 

4. Castor Oil Seed (Fig. 40). — Seeds of the Castor Oil Plant 
(Ricinus communis) should be obtained from a seedsman. 
The hard shell of the seed is the testa or seed-coat. At one 
end of it there is a little mass, which swells up in water. 
This is called the aril ; it is an outgrowth on the seed-coat. 

On cutting a longitudinal section of the white body which 
is obtained on removing the testa, it is found that it contains 
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an embryo consisting of plumule, radicle, and two cotyledons. 
The radicle is distinctly marked, and lies towards the end 
where the aril is. The plumule is small, and is found, as in 

the Sunflower, between the 


ENDOSPERM 



Fig. 40. Seed of Castor Oil. 

A, Longitudinal section; B, Trans- 
verse. The dark outline is the testa. 


cotyledons. The cotyledons are 
thin and membranous, and are 
completely surrounded by a 
white substance, which forms 
the greater part of the contents 
of the seed. The latter is a 
tissue containing a store of food- 
material, and is known as the 
albumen* or endosperm. If the 
endosperm tissue be pressed 
against a sheet of paper a greasy 
mark is produced, which indi- 


cates the presence of oil. The 
oil can be recognised in the form of globules if sections of the 
endosperm be mounted in water. The cells of the endosperm 
also contain large aleurone grains. 

Thus in the seed of the Castor Oil the food-material is 


contained in a special tissue in which the embryo is embedded . 
Seeds of this kind are called albuminous or endospermic. In 
the Sunflower and Bean food-substance is also stored up, but 
it is in the cotyledons, and not in a special layer of endosperm 
tissue. Such seeds are exalbuminous or non-endospermic. 

In the process of germination the cotyledons of the Castor 
Oil remain for some time inside the seed. They absorb the 
food-material in the endosperm and increase in size. Owing 
to the elongation of the hypocotyl the seed is carried above 
ground and the cotyledons form the first green leaves. As in 
the Sunflower the hypocotyl is bent or arched when it reaches 
the surface of the soil. 


5. Maize. — The so-called Maize seed is really a fruit con- 
taining a seed. Pericarf and testa are both thin, and fused 

* The term albumen here must not be regarded as indicating any 
definite chemical compound. It came to be applied in this connection 
by analogy with the albuminous white substance in a hen’s egg. 
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together to form a single membrane. The grains of the 
“ White Horsetooth ” variety are larger and more regular in 
shape than those of the ordinary “ Indian Corn,” and are 
therefore better for purposes of study. The seeds may be 
softened before examination by soaking them in hot water 
for some time. 



Fig. 41. Fkuit of Maize cut longitudinally. 


On one side of the fruit there is an oblong area of a light 
colour (Fig. 42, b). The embryo lies immediately underneath 
this. If the fruit be cut longitudinally through the middle of 
this area, the embryo will be seen in section lying to one side 
of a mass of endosperm (Figs. 41 and 42, c). When the cut 
surface is moistened with iodine solution, the endosperm is 
stained blue, and is thus shown to be rich in starch. In 
microscopic sections, however, it is found that the outermost 
layer of the endosperm, the layer lying just under the testa, 
contains aleurone grains; it is called the aleurone layer. 

The embryo consists of a large flumule> a radicle , and a 
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single massive cotyledon , called the scutellum, which lies 
against the endosperm. The parts of the embryo can be 
recognised by dissecting the embryo away from the endosperm, 
but their structure is best seen in a longitudinal section under 
the microscope. Both radicle and plumule are large and 
are enclosed in sheaths. 

At germination (Fig. 42) the scutellum or cotyledon remains 
behind in the seed and absorbs the endosperm, i.e. it is hypo^ 

geal. The ferment 
which converts the 
starch into sugar is 
secreted by the cells of 
the outermost layer, 
the epithelial layer, 
of the scutellum (Fig. 
41). The radicle 
passes down into the 
soil and may give off 
lateral branches. It 
does not, however, 
give rise to the root- 
system of the plant. 
It is replaced by roots 
which are developed 
from the base of the 
stem, and which can 
be recognised in a 
rudimentary form on 
the embryo even 
before germination 
begins (Fig. 41). 

The plumule passes 
above ground, and 
very soon the first foliage leaf unfolds. During its growth 
it bursts its sheath, which can be seen surrounding the base 
of the first leaf (Fig. 42, g). By some this sheath is regarded 
as the cotyledon; according to this view the scutellum is 
simply an absorbing organ developed from the axis of the 
embryo. It should be noticed that the plumule in the Maize, 


ABC 



A, B, Fruit in surface view ; C, Fruit in section ; 

I)-G, Stages in development of seedling, 
or, Coleorhiza ; r, radicle; ar, adventitious roots from 
sheath -base ; s, sheath ; pi, plumule ; fl, first 
foliage leaf. 
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being pointed, readily pierces the overlying soil; it therefore 
does not form a loop or arch, but grows straight through. 

The tc seeds ” of the Wheat, Barley, and Oat should be 
compared with that of the Maize. Their form is different, 
but their structure and germination are essentially the same. 
These plants belong to the group of the Monocotyledons, in 
which, as the name indicates, the embryo has only one 
cotyledon or seed-leaf. 



Fig. 43. — Germination of Gourd. 

A, Seed. B, Heed with one cotyledon removed. C, Beginning of germination. 
I), E, Further stages. 


6. Notes on other Seeds. — The four seeds described above 
may be regarded as examples of the more important types of 
seed. The following, which are considered more briefly, 
should be compared with them: — 

The Gourd . — The seeds are flattened with a thickened margin; they 
are oxalbuminous, the embryo having two rather fleshy cotyledons, 
which usually show the leaf-veining on their inner surface (Fig. 43). 
The testa when wetted becomes sticky, thus helping to anchor the seed 
to its place of germination. The radicle and plumule are short and 
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comparatively thick. Tf the seed be laid flat and germinated, a peg is 
formed on the hypocotyl, which holds the seed -coat open for the escape 
of the plumule. The cotyledons are epigeal. 

The Coffee (Fig. 44, a-c). — The two seeds are enclosed in a scarlet 
berry-like fruit, usually known to coffee planters as the cherry. They 
are flattened, and havo a longitudinal groove on the Bides facing one 
another, and are enclosed in a slimy substance, the innermost layer of 
which is parchment-like. The seed chiefly consists of hard horny 
endosperm, and the small embryo is embedded in its lower end, on the 
side remote from the groove. It may readily be seen by carefully 
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Fig. 44 . — Coffee and Jak. 

A. Coffee fruit cut in half. B and C, Heed of 
Coffee; in C, endosperm cutaway, exposing 
emhryo. D, Seed of Jak, cut in half. 
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Fig. 45. 

Germination of Onion. 


shaving away the endosperm. The two cotyledons are small and 
rounded, generally with five well-marked veins. The radicle is relatively 
long, and curved more or less parallel to the surface of the seed. The 
reserve material consists of thickened cell- walls, oil, and protein grains. 
The germination is extremely slow, lasting several weeks; this is 
probably owing to the hard character of the endosperm. The cotyledons 
are epigeal. 

The Jak (Fig. 44, d). — The Jak fruit is composite, being formed from 
the whole inflorescence; the seeds are numerous, and are embedded in 
a fleshy pulp. The fruit, which is very heavy when fully grown, hangs, 
not upon a twig of the general branching system of the tree, but upon 
a twig which appears as an adventitious bud upon the main stem. 
Outside the seed is a brown seedcoat, in which two layers may easily 
be distinguished, tho inner one being the darken*. The embryo is exal- 
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Fig. 46. 

Shed (Stone) of Date ; B, 
Transverse Section through 
Embryo. 

is the single 
is small and 
the 


base of 


buminous and the greater part of the seed is filled by the cotyledons, 
which are unequal in size, and exude latex when cut. The hypocotyl 
and plumule are well marked. The 
cotyledons are hypogeal. They become 
green inside the seed-coat, but never 
come above ground, the first part of the 
young plant to appear being the plumule. 

The Onion (Fig. 45). — The small black 
seeds are very irregular in shape, but 
are somewhat pointed at the base 

where the seed was attached to the 
fruit. Before examination the seed 

should be soaked in water to soften it. 

A longitudinal section should show a 
somewhat slender curved embryo em- 
bedded in endosperm. The radicle is 
towards the pointed base of the seed; 

towards the other end 

cotyledon. The plumule 
is concealed within the 

hollow cotyledon. 

At germination the radicle elongates and 
grows down into the soil as the first root, 
but afterwards, as in the Maize, its place 
is taken by roots developed from the base 
of the stem. The lower part of the 
cotyledon also elongates and grows out of 
tho seod-coat. Bent over so as to form a 
loop or arch like the hypocotyl of the Sun- 
flower, it passes above ground and forms 
the first green foliage leaf. The tip of the 
cotyledon, however, remains coiled up in- 
side the seed- coat for the purpose of ab- 
sorbing the endosperm. At a later stage 
a second leaf, developed from the plumule, 
bursts through the base of the cotyledon 
and comes above ground. 

The Date (Figs. 46, 47). — The familiar 
Date “stone” is the seed. The brown 
outer layer is the seed -coat. Along one 
side there is a deep groove or furrow. In 
the middle of the other side a little pro- 
tuberance will be observed, which marks 
tho position of the embryo. If the “ stone ” 
be cut across transversely at this point, the 
little embryo will be seen embedded in 
hard, horny endosperm. The hardness of 
the endosperm is due to the thickness of the cell- walls, which represent 
a store of carbohydrate food-material in the form of cellulose. 




Fig. 47. 
Seedling of Date. 

The seed (“stone ”) is shown in 
transveise section. 
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The process of germination can be studied if the stone be put in moist 
sawdust or soil and kept sufficiently warm, e.g. in a hothouse. The 
• pointed radicle elongates, grows down into the soil, and forms the 
primary root. The lower part (sheath and stalk) of the single cotyledon 
also grows out of the seed, but the upper part remains inside the seed 
to absorb the endosperm. The cellulose is gradually converted into sugar 
by means of a ferment secreted by the cotyledon. The primary root 
branches, and is more strongly developed than is usual in Monocotyle- 
dons, but it does not give rise to the root-system of the plant. The 
plumule is enclosed in the sheath of the cotyledon; it bears leaves, 
which eventually break through the sheath and come above ground. 

The Canna .— The Canna has a monocotyledonous seed, the embryo 
being straight, the cotyledon short and rounded. The remainder of 
the seed is filled with endosperm and perisperm. The cotyledon behaves 
exactly as in the Date, absorbing the food from the endosperm and 
perisperm, and passing it on to the growing parts of the seedling. 

7. Monocotyledonous and Dicotyledonous Seeds. (A) 

Dicotyledons . — The embryo has almost invariably two cotyle- 
dons. In exceptional cases there may be three (e.g. 
occasionally in Sycamore and Oak) or only one {e.g. Lesser 
Celandine). The seeds are in most Dicotyledons exalbumi- 
nous. If the cotyledons are small and contain a relatively 
small amount of food-material, e.g. in Cress and Mustard, it is 
evidently necessary that the seedling should establish itself 
as quickly as possible. In this case the radicle elongates 
rapidly and the cotyledons and plumule are quickly carried 
above ground by the elongation of the hypocotyl. It is 
only in some seeds, where the cotyledons are very large, that 
the latter remain inside the seed-coat, i.e. are hypogeal. 

There are, however, many examples of albuminous seeds, 
e.g. in plants belonging to the families Eanunculaceae and 
Umbelliferae. The amount of endosperm varies. Sometimes 
it is abundant, and the embryo very small. In other cases, 
e.g. in Labiatae, it is reduced to a thin layer and the embryo 
is relatively large. The relation of the embryo to the endo- 
sperm also varies. It may, for example, be embedded in the 
endosperm, or may be coiled round it. But in all cases the 
tip of the radicle lies close to one side, near the micropyle. In 
albuminous seeds the cotyledons remain inside the seed till 
the endosperm is absorbed and then form the first green 
leaves. 
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Typically in Dicotyledons the primary root persists and 
forms the root-system of the plant. 

(B) Monocotyledons . — The embryo, as already indicated, 
has only one cotyledon. The seeds of Orchids and of many 
aquatic Monocotyledons are exalbuminous; but the great 
majority of monocotyledonous plants have albuminous seeds. 

The cotyledon may come above ground as the first foliage 
leaf, as in the Onion. In most cases, however, it is hypogeal, 
either the whole of it, as in Grasses, or its upper part, remaining 
behind in the seed-coat to absorb the endosperm. Usually 
the radicle and plumule are pushed out of the seed by the 
downward growth of the lower part of the cotyledon. The 
plumule may be large, as in Grasses (c.g. Maize); but it is 
usually very small, and, as a rule, concealed within the base 
of the cotyledon. The primary root, although it may develop 
fairly strongly at germination, is soon replaced by other roots 
developed from the base of the stem. 

8. Uses of Cotyledons. — From the seeds examined it will be 
observed that the cotyledons have various functions to 
perform. In nearly all cases they are concerned with the 
feeding or nursing of the embryo plant. In exalbuminous 
seeds they contain more or less food-material, and in some 
cases, e.g. Oak, Broad Bean, and Pea, are food stores and 
nothing more. In albuminous seeds they function as absorb- 
ing organs. They secrete the ferments by which the stored 
substances are digested and rendered soluble and then absorb 
the soluble products and pass them on to the plumule and 
radicle. Finally in some Monocotyledons and in the grea*t 
majority of Dicotyledons they form the first foliage leaves, 
and become active in the assimilation of fresh supplies from 
outside. They have a much simpler form than the foliage 
leaves which follow them. 

9. Examination of Seeds. — In examining seeds the student 
should endeavour to make out the following points: (a) 
whether dicotyledonous or monocotyledonous; (6) whether 
albuminous or exalbuminous; (c) the position and form of 
the embryo, relation to endosperm, etc.; (d) the nature of the 
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food material stored up. Much may be done especially if the 
seeds are large, by simple dissection, with the help of a hand 
lens. But frequently, and especially in small seeds, recourse 
must be had to microscopic sections. For various reasons 
the appearances presented by these will often be very puzzling. 
The embryo is often curved or folded; the cotyledons may be 
folded in various ways; in albuminous seeds the embryo is 
variously situated in relation to the endosperm. These are 
difficulties for which the student must be prepared. 

The nature of the food-material can be recognised by 
applying the usual tests (for starch, protein, oil, and cellulose). 
It is worth remembering that oily seeds usually contain no 
starch. The student therefore may expect to find starch, oil, 
or cellulose associated with protein in greater or less amount. 

The practical study of germination also is important. The 
seeds may be placed in boxes in moist sand or sawdust. A 
good plan is to replace one side of the box with a plate of glass 
and put the seeds close to the glass. Failing this a large glass 
jar may be lined internally with blotting-paper and then filled 
with moist sawdust, or, better, with bog-moss (Sphagnum). 
The seeds should be put between the glass and the blotting- 
paper 
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THE STEM OF THE ANGIOSPERM. 

1. The stem and leaf structures into which the shoot in the 
Angiosperm is differentiated show an immense variety of 
forms. For this reason it will be convenient to study them 
separately. The present chapter is therefore devoted to the 
stem — its general external characters and internal structure. 

A. External Characters. 

2. Nodes and Intemodes. — We have already stated that the 
plumule grows upwards into the sunlight, and develops into 
the leaf-bearing stem of the plant. As growth goes on the 
stem not only produces members unlike itself, the leaves, but 
may also give rise to similar members, i.e. it may branch. In 
the fully grown part of most stems, the leaves are separated by 
intervals from each other. The points at which one or more 
leaves are given off are called the nodes of the stem, and the 
regions between these the internodes (Fig. 48, a). 

3. General Descriptive Terms. — Usually stems in transverse section 
are circular, and are described as cylindrical. Others are marked by 
alternate ridges and furrows, and arc said to be angular. Thus the stem 
of the White Dead-nettle is quadrangular or “ square.” Some stems 
are flattened. In rarer cases we meet with globular or altogether 
irregular stems. The stem may be either herbaceous or woody. In 
some plants, as in the Wallflower, it is herbaceous above and woody 
below. Some herbaceous stems are more or less dilated or expanded at 
the nodes. This is due to the arrangement of vascular tissue at these 
points. The stems appear jointed, and hence the terms jointed or 
articulated applied to them. Such stems are called culms. Examples 
are met with in the Pink and in grasses. The stem may be more or less 
hairy. It may be prickly or spiny. If there are no hairs, and the stem 
is quite smooth, it is described as glabrous; if, in addition, it is more or 
less shiny, with a bluish colour, it is said to be glaucous. Hollow stems 
are described as fistular. 
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4. Buds (Fig. 48). — The growth in length of the main stem, 
or a branch, takes place towards the apex. At the extreme 
apex the internodes have not yet elongated; the young leaves, 
which are just in the course of development, are crowded 
together and closely overlap the growing apex of the stem or 
branch. This compact structure, which we nearly alwaysjlnd 
at the apex of a stem, is called a terminal bud. As growth 
takes place the internodes gradually elongate, and the leaves 
become separated. 



Fig. 48. A, Twig with Leaves and Bods; B, Winter Bud in 
Longitudinal Section; C, Buds in early String. 


It is important to notice that the branches of a stem make 
their first appearance as buds. These buds, which, with 
reference to the stem on which they are borne, are called 
lateral buds, are situated in the axils of the leaves, i.e. in the 
angle between the leaf and the upper part of the stem. The 
axillary position of the buds should be carefully noticed. In 
the Angiosperms it is the rule that each leaf has a bud in its 
axil. 

Very frequently, either naturally or owing to the influence 
of external conditions, only some of these buds develop into 
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branches; the others remain quiescent. In circumstances of 
necessity, however, as, for example, when the main stem and 
chief branches have been destroyed, these dormant buds 
become active, and give rise to deferred shoots. Sometimes 
the shoots developed late on the stems of trees have this 
characjpr: 

_ 'mid, then, as found in the Flowering- Plant, may" b?r 
defined as .A-indimentary. or embryonic--- shoot, consisting of 
a ahoxt a xis in which the internodes have not yet elongated 
andjn ..which the young leaves axe closely crowded together- 

and-ov.erlap_ the. .apex These™ buds can he- rccogmsedr~mr 

plants at ail seasons, but-are -most notic^aMt^ and are^seen 
in the grea test variety^in winter .— 

In many buds the young leaves are all'ftf’lfe^ same kind 
and in course of time develop into green foliage leaves, but in 
most winter buds only the central leaves of the bud are of this 
kind, while the outer ones are small and scaly — scale-leaves — 
and serve as a protection against cold and loss of water (Fig. 
48, b). In those regions of the tropics where there is a regular 
alternation of dry and wet seasons many buds are similarly 
protected by bud-scales during the dry period. In many 
winter buds the loss of moisture, which would be injurious to 
them, is more effectually prevented by the corky nature of the 
scales, by the secretion of mucilaginous or resinous substances 
(e.g. Aesculus indicus), or by the development of a covering of 
hair, as in the Jujube-tree (Zizyphus). 

When the buds unfold in the rains the scales fall of 
and leave a zone or girdle of close-set scars. The age of any 
particular part of a branch can be determined by counting 
the number of these zones between it and the apex of the 
branch. They are well seen in the Pipui ( Ficus religiosa ), Silk- 
cotton or Kapok (Eriodendron), etc. 

The normal axillary buds are developed in acropetal order 
(p. 11). ^Buds which are developed out of their proper order, 
or without any relation to the leaves, are called adventitious. 
The shoots of pollards and those developed on the trunks of 
many trees (e.g. the Jak) arise from such buds. They may 
also be developed on leaves or roots. If the leaf of the 
Begonia, for example, be artificially wounded and laid on the 
i.bot. 6 
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surface of the soil, adventitious buds are developed from the 
wounded surface and produce new plants. Buds occasionally 
arise naturally on the leaves of the succulent Bryophyllum 
calycinum. Adventitious buds commonly spring from the 
root in Dandelion, Bose, Acacia dealhata (Silver Wattle), and 
Coffee. 

Sometimes more buds than one are developed in the axil 
of a leaf. These are called accessory buds. Examples are 
found in the Fuchsia, Barberry, Capparis and Aristolochia. 

5, Branching of the Stem. — The branching of the stem in 
the Angiosperm is probably always lateral (p. 11); in other 
words, the branches arise as lateral buds in the axils of the 
leaves. The young leaves and their axillary buds originate 
as little protuberant outgrowths just below the extreme top 
of the parent-axis. The branching may be racemose or 
cymose (p. 11). 

In indefinite or racemose branching (Fig. 3, b) there may be, 
at each node, either a single branch or a series (called a whorl) 
of two or more branches, according to the number of buds 
developed (which will depend largely on the number of leaves). 
Definite or cymose branching, if only one daughter-axis is 
given off at each branching, is said to be uniparous (Fig. 49, 
a-d); if two, biparous (Fig. 49, e); if more than two multi- 
parous. The biparous cymose form of branching, owing to 
the abortion of the growing-point of the parent-axis, frequently 
resembles a dichotomy, hence the name false dichotomy often 
applied to it. Examples are seen in the Cacti and Mistletoe. 

In uniparous cymose forms the successive daughter-axes 
may be developed right and left alternately — the scorpioid 
form (Fig. 49, a); or always on the same side — the helicoid 
form (Fig^ 49, c). In these two forms the branching would 
present a zigzag or spirally coiled appearance respectively, if 
the branches retained the position in which they are developed. 
But in nature the branching becomes straightened out (Fig. 
49, b. d), and the basal portions of the successive daughter- 
axes constitute what to all appearance is a simple parent-axis, 
but is really a false axis or sympodium. The scorpioid form 
resembles a typical raceme; the helicoid form a one-sided 
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raceme. These sympodial forms are distinguished from true 
racemose ones by the position of the leaves, which, it should 
be noticed, are given off on the opposite side from what are 
apparently lateral branches. 



Fig. 49. Forms of Cymose Branching. 

A- 1), Uniparioua. 

The student is advised not be be content with a theoretical 
knowledge, but to make a careful practical study of branching 
by examination of a large series of plants. The racemose 
form is by far the commoner in purely vegetative parts of 
stems; but cymose branching is frequently met with in trees 
— e.g. the uniparous form in the Beech, Elm, and Lime, 
where, owing to the death of the terminal bud at the end of 
the year, the growth in the following year is continued by a 
lateral bud. Types of branching are most easily recognised 
in herbaceous plants; in many woody plants (shrubs and 
trees), owing to the frequent loss or injury to which they are 
exposed, branching cannot be studied in its primitive con- 
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ditionJ knd the premature attempt to diagnose the more 
oompticated^/forms of branching will inevitably lead to 
4pnfusi0n r 

6. /J?6rms of Stems. — We have already indicated that the 
various parts of plants are adapted to the performance of 
certain functions. The ordinary functions of a stem are 

(а) to bear the leaves and keep them expanded or exposed in 
such a way that they may best carry on their functions; 

(б) to serve as a conducting channel for various nutritive 
solutions passing between roots and leaves. These functions 
may, however, be carried on in many different ways, according 
to the mode of life of a plant, or peculiarities in its environ- 
ment. Stems in different plants must have a structure and 
organisation adapted to the conditions in which they live. 
In addition to this stems may take on special functions. Thus 
they may serve as organs of vegetative propagation, or as 
storeplaces of nourishment; they may be specialised to act as 
protective organs, or to perform the functions usually carried 
on by other members. 

The student will understand, then, that stem- structures 
assume an immense variety of forms, according to their 
special adaptations. Some (e.g. Foxglove, Sunflower, Lily) 
grow straight up, and are self-supporting ; they are said to be 
“ erect.” This is the typical form of stem. Others are weak 
stems, incapable of themselves of growing erect. Most stems 
are aerial, but many are buried in the soil, and are called 
underground or subterranean stems. Some are herbaceous; 
others are woody. Most woody plants form shrubs octrees, 
and are perennial, i.e . persist for a number of years. Herba- 
ceous plants may be annuals, living only during one season, 
and dying down in the autumn; others are biennial {e.g. the 
Turnip), living during two seasons. In the first year they 
produce only vegetative shoots; in the second, flowers, fruits, 
and seeds. Many herbaceous plants, however, which die 
down in the autumn, perennate by means of their under- 
ground stems. 

Some small shoots or twigs have only a limited development, 
and are called “ dwarf shoots ” — for example, in the Jak, 
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where they are the twigs producing the flowers. Finally, in 
some plants, the stem is extremely short (“ reduced stems ”) 
and the leaves appear to come off from the top of the root. 
Good examples are seen in the Radish and Carrot. We will 
now consider some of the more important of these forms. 

7. Weak Stems. — In some plants the stems are more or 
less prostrate or trail along the ground. Many weak stems, 
however, which are unable to grow erect themselves, make 
their way upwards by attaching themselves to surrounding 
objects. These are known as climbing and twining plants. 

Many plants climb by tendrils , long thread-like organs with 
rapid growth and marked nutation (p. 91); these may be 
morphologically stems, as in Vitis, Pass {flora, Antigonon , 
leaves (or parts of leaves) in many Leguminosae, Smilax , etc., 
roots, as in Vanilla. In many tropical plants, e.g. Artabotrys , 
Uvaria , Unona , Ancistrocladus , Strychnos , the tendril is 
replaced by a sensitive hook — a modified inflorescence-axis — 
which thickens after catching and becomes woody. In 
Gloriosa the leaf- tip is sensitive and acts like a tendril. Others 
climb by hooks which are not sensitive, e.g. Calamus (Rattan), 
Desmoncus , etc. ; yet others by adventitious roots developed 
along the stem, e.g. many Aroideae, Ficus spp. Pepper, and 
many ferns. 

As distinguished from these, twining plants achieve the 
same result by themselves twining round some support, as, 
for example, Ipomaea , Thunbergia , Mikania , and others. 
Tha object in all cases of climbing or twining is, of course, to 
enable the plant to reach the light, which is necessary for the 
development of chlorophyll and for the assimilation of carbon 
dioxide. 

8. Runner, Offset, and Sucker. — Many plants give off 
highly specialised shoots, serving chiefly for purposes of 
vegetative production. Of these the runner, offset, and sucker 
are the commonest. 

The runner, or stolon (Fig. 50), is a very slender shoot 
running along the surface of the ground, and attaining a 
considerable length. It arises in the axil of a leaf, at the 
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level of the soil. At intervals it produces small scale-leaves, 
with a bud in the axil of each. From the bases of these buds 
adventitious roots pass down into the soil, and in this way 
new plants are formed. The Strawberry and the Hydrocotyle 
give good examples. 



Fig. 50. Runner of Strawberry. 

I — Leaf in whose axil the runner arises. 


* The offset (e.g. in the House-Leek, Fig. 51) resembles the 
runner in origin, but is shorter and stouter. It is merely a 

short runner which turns up at 
the end to form a new plant. 

The sucker (Fig. 52) is 
merely an underground runner 
or branch; it grows upwards, 
develops roots and aerial shoots. 
These suckers are white or pink 
in colour, and resemble roots. 
They are distinguished as stems, 
however, by their axillary de- 
velopment and the possession 
of scale-leaves. Good examples are seen in the Mint, Dead- 
nettle, and Rose. 4 

9. Bulbils. — These may be described as axillary buds, 
which become feirge and fleshy owing to the storage of food- 
material in their leaves. They differ also from ordinary 
buds in the fact that they separate from the parent plant, 
fall to the ground, and produce new plants, thus serving for 
reproduction (e.g. Lesser Celandine, some Lilies). They may 



Fig. 51. Offset of 
House-Leek. 
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also take the place of flowers ( e.g . in the Onion, Agave , 
Furcraea , some grasses, etc.). In plants producing them 
seed-formation is usually uncertain. 

10. Underground Stems. — 

The possession of under- 
ground stems enables plants 
to tide over periods unsuit- 
able for aerial growth. They 7‘ 
are thus a means of pcren- 
nation, and serve also for 
vegetative reproduction. 

There are several forms V/ 
which deserve special men- 
tion. Fig. 52. Suckers of Mint. 

The Rhizome is a stout 

elongated underground stem more or less filled with food- 
material (Fig. 53). Students are very apt to mistake the 
rhizome for a root. It is distinguished by the presence of 
leaves and buds (and also by internal structure). The leaves 
may be large foliage leaves, but more frequently the rhizome 
bears only small brown scale-leaves, the foliage leaves being 
borne on the aerial shoots developed on the rhizome. 



PRESENT YEAR’S SHOOT v 



Fig. 53. Rhizome (Sympodial) of Solomon’s Seal. 


The numbers indicate the segments of the sympodium. 


Occasionally rhizomes are short and stand almost vertical, 
or run more or less obliquely through the soil, as in the 
Primrose. In this case the misleading term root-stock has 
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been given to them. But usually the rhizome is a horizontal 
and dorsi ventral structure. 


Adventitious roots are given off from the surface of the 
rhizome. It usually branches freely, and if these branches 
become separated they form distinct plants. The aerial 

branches may be given 


J / off after the racemose 

\ \ / / \\\ ij / type of branching, in 

\ \ a jf / S' which case the rhizome 

\| IM * s mon °p°^ a ^ ^ e " 

\X\lff xmw/f velopment (see p. 12) 

fflfiz?' / and has a persistent 

W wm \JJ apex ( e.g . the Wood 

S' II m| Sorrel). In other cases 

the a P eX r ^ Zome 

1 grows up into an aerial 
Fig. 54. Riiizome of Sedge (Carex) in shoot, and the growth 
Summer. 0 f r ljj ZOm e is con- 

Flowering shoots of (I) last year, (II) this year, j i i 

(III) next year, (IV) year next but one. tinned by a lateral DUG 

developed in the axil 

of a scale-leaf. Here the rhizome is sympodial in develop- 


Fig. 54. Riiizome of Sedge (Carex) in 
Summer. 

Flowering shoots of (I) last year, (II) this year, 
(III) next year, (IV) year next but one. 


ment, being made up of the persistent 
basal portions of the successive growths, 
as indicated in Fig. 53. Examples of 
sympodial rhizomes are found in the 
Wood Anenoine and Solomon’s Seal, 
and also in various Eeeds, Sedges, and 
creeping Grasses (Fig. 54). As a rule, 
the scars of leaves and branches can be 
readily detected on a rhizome. 

The Corm (Figs. 55 and 56) is an 
underground shoot which may be 
regarded as a condensed form of 
rhizome. It consists of a massive 
swollen stem called the disc, on which 
are a number of loose, more or less 
sheathing scale-leaves. The size of 



Fig. 55. Corm of Crocus. 
(Longitudinal auction.) 


the disc is due to the large amount of 

food-material stored in it. One or more buds are present in 
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the axils of the leaves, sometimes towards the apex of the 
disc (e.g. in the Crocus, Fig. 55), sometimes towards the 
base (e.g. in the Autumn Crocus or Meadow Saffron, Fig. 56). 

In the spring these buds develop at the expense of the 
stored food-material, and grow up into aerial flowering shoots. 
Adventitious roots are developed from the base of the bud, and 
pass down into the soil. 

During the summer the 
surplus amount of plastic 
substance is stored up in 
the basal portion of the 
new stem, and thus a new 
corm is gradually formed, 
which will in the same 
way produce new plants 
the following year. 

Thus the corm repre- 
sents the basal under- 
ground part of a stem, 
laden with food-material, 
and bearing buds and 
scale-leaves. Corms are 
popularly called bulbs. 

The Bulb (Fig. 57) may 
also be regarded as a 
short specialised under- 
ground shoot. It has a 
structure som ewhat simi- 
lar to the corm, but the 
stem or disc is compara- 
tively small, and the food-material is stored up in the large, 
fleshy scales which invest and overlap the disc. These scales 
may either be scale-leaves, or the fleshy bases of foliage, leaves 
whose upper parts have withered. A bud is present in the 
axil of one of the innermost scales and in the spring develops 
at the expense of the stored food-material into a flowering 
axis surrounded by foliage leaves, and also, it may be, by a 
number of scale-leaves. Adventitious roots are given off 
from the base of the bulb. 


SHEATH 

LEAVES 


FLOWERS 


FLOWERING 
SHOOT 
Ijly'OF LAST 
YEAR 



ROOTS 


Fig. 56 . Corm of Autumn Crocus. 

(Longitudinal section.) 
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After flowering the food-material which is formed is stored 
up in the scale-leaves or in tho bases of the foliage leaves, 





Fig. 57. Tunicated Bulb. 

(Longitudinal seotion.) 


and in this way a new bulb is 
produced, which will repeat 
the process the following year. 
Instead of a single bud, two or 
more may be present in the 
axils of the inner leaves. In 
this case the new bulbs formed 
from them separate from the 
parent bulb. 

In scaly bulbs (e.g. Lilies, 
etc.) the fleshy scales, of which 
the main bulk of the bulb is 
composed, simply overlap at 
their margins. In tunicated 
bulbs (e.g. Onion, Tulip, and 
Hyacinth) the outer leaves are 


large and completely ensheath the inner portions of the bulb. 
The coloured membranous \W / axillary 

covering or tunic present on the ' ' j/ 


outside of such bulbs is formed 
by the shrivelled remains of the 
leaves of a previous season. 

Bulbs and corma are charac- 
teristic of plants which are ex- 
posed to the dangers of drought 
or of cold. They are found 
most commonly in monocotyle- 
donous plants, but occasionally 
also in Dicotyledons. 

The Stem-tuber (Fig. 58) is 
a swollen underground stem, 
or part of a stem, laden with 
food-material, and serving for 
purposes of vegetative repro- 
duction, e.g. in the Potato and 
Jerusalem Artichoke. 



Fig. 58. Seedling op Potato 
with Developing Tubers. 


In the Potato the tubers are borne on slender underground 
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shoots, which are recognised as such, not only by their internal 
structure, but also by the fact that they bear scale-leaves. 
The tubers make their appearance either at the apex of a 
shoot, or in the axils of the scale-leaves, and, instead of 
developing into normal branches, become enormously dilated 
by the deposition of starchy food-material. The tuber, how- 
ever, is readily distinguished as a modified stem-structure, not 
only by its position of development, but also by the possession 
of buds, known as the “ eyes ” When a tuber, or part of a 
tuber, is placed in the soil under proper conditions, the buds 
or “ eyes ” develop at the expense of the stored food-material, 
and produce new plants. 

11. Stem-Tendrils, 

Spines, and Cladodes. 

— These are striking 
examples of more 
pronounced modifi- 
cations of stem- 
structure which have 
arisen in adaptation 
to special conditions. 

They are quite unlike 
ordinary stems, and 
assume forms which 
are also met with in 
morphologically dif- 
ferent (dissimilar) 
members. 

Stem-tendrils are 
highly specialised climbing organs. They are very slender, 
usually branch, may bear small scaly leaves, and are sensitive 
to contact. When in their growth they touch a suitable 
support, they twine under it and the part of the tendril 
between the plant and the support becomes spirally coiled 
so as to raise up the part on which they are developed. 
Their morphological value is recognised by their position. 
Sometimes they represent lateral shoots. In this case they 
arise distinctly in the axils of leaves, e.g. in the Passion Flower 
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and White Bryony. Others represent the modified apices of 
the successive shoots of a cymose branching (Vine, Virginian 
Creeper). In this case they do not appear in the axils of 
leaves, but are placed on the opposite side of the sympodial 
axis from the leaves (Fig. 59, and cf. Fig. 49, b, d). 

Stem-spines, or thorns (Fig. 60), are modified branches which 
have lost their apical growing point and become hard and 
sharp-pointed. Examples are seen in the Sloe, Hawthorn, 
and Gorse. The conversion of branches 
into thorns, by reducing the leaf-surface, 
diminishes transpiration, and in this 
connection, it has to be noticed that 
they are commonly found on plants 
which live in dry situations. They 
also function, however, as protective 
organs. Th eir stem-nature is recognised 
as before by their structure, by their 
position in the axils of leaves, and also 
by the fact that, though the terminal bud has been lost, they 
may bear lateral buds. It is interesting also to notice that in 
the Plum, which may be regarded as the cultivated form of the 
Sloe, these structures are represented by leafy, flowering shoots. 

The student must carefully 
distinguish between spines and 
prickles. The latter are irregu- 
larly developed, i.e. have no 
definite relation to the leaves, 
have no vascular tissue, and 
are very readily broken off. 

A cladode or phylloclade is a 
stem-structure which has taken 
on the general appearance and 
functions of a leaf. The whole 
stem may be so modified. This 
is the case, for example, in 
the Duckweed, a small aquatic 
Monocotyledon in which the minute leaf-like stem acts as 
a float. Usually, however, phylloclades represent lateral 
branches. 




. r i-j 

Fig. 60. Spine of 


the Sloe. 
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Phylloclades are mostly found in plants growing in dry or 
desert conditions, as, for example, in various plants belonging 
to the Cactaceae and Euphorbiaceae. Under such conditions, 
in typical cases, the true leaves are either small or wanting, 
while the flattened leaf -like stems become more or less suc- 
culent, develop thick cuticles, and are adapted in other ways 
for storing up water and cutting down transpiration. The 
Opuntias, so common in India, have fleshy stems flattened like 
leaves; the true leaves are small and fleshy, and drop off 
very early. 

Asparagus has green needle-like phylloclades. 

12. The Torus or Thalamus. — We have already mentioned 
(p. 8) that the flower is a specialised shoot. That part of the 
floral axis which bears the floral leaves (sepals, petals, etc.) is 
called the thalamus or torus. It presents certain peculiarities, 
and must therefore be regarded as a special form of stem. 
It will be considered fully in the chapter on the flower. 

13. Summary. — We may summarise the general distinctive 
characters of the stem in the following statement: stem- 
structures tend to grow upwards , towards the light ; they usually 
end in a bud, and bear leaves, lateral buds, and often also 
reproductive organs; lateral branches (in Flowering Plants) 
arise in the axils of leaves; their development and internal 
structure are, in many ways, characteristic. 

We cannot, however, regard this as of the nature of a 
definition, distinctly marking off stems from leaves and 
roots, for these general characters are not absolute. Thus 
we have seen that some stems (e.g. rhizomes) remain under 
ground and partake of the functions of roots; others have 
lost their terminal bud; in a few cases, again, buds are 
developed on roots and leaves. At the same time the student 
must notice these characters carefully; for it is by attention 
to these that he can as a rule recognise members which, 
however modified they may be, have the morphological value 
of stems. In this way, as already indicated, the rhizome, the 
sucker, the tubers of the Potato, and the spines of the Sloe, 
etc., can all be recognised as stem-structures. 
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B. Internal Structure. 
I. — THE DICOTYLEDON. 


14. Primary Structure. — The primary arrangement of tissue 
characteristic of the dicotyledonous stem may be studied in 
the Sunflower (Helianthus) or other herbaceous types. Fig. 62 
represents, diagrammatically, a portion of a transverse section 
of a well-developed internode of the Sunflower. On the 
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THIN-WALLED 
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Fig. 62. Part or a Transverse Section of Stem of Sunflower. 

The Inter-fascicular Cambium is not found iu Young Internodos. 



outside is the epidermis (p. 58). The fibro-vascular bundles 
(p. 64) are seen to be arranged in a ring. Owing to this charac- 
teristic arrangement, the ground-tissue (p. 64) is marked off 
into (a) a central region, the medulla or pith, (b) an outer 
region between the epidermis and the vascular ring, the 
cortex, and (c) a number of strands running between the 
bundles from pith to cortex, the primary medullary rays. 

The pith, medullary rays, and inner region of the cortex 
consist chiefly of thin-walled 'parenchyma (p. 50). The hypo- 
dermal region of the cortex (the hypodermis), the region 
immediately under the epidermis, consists of collenchyma 
(p. 51). In the cortical parenchyma, sometimes also in the 
pith and medullary rays, small resin-passages can be detected, 
each with its epithelial layer (p. 58). If the section be 
stained with iodine solution it is found that the cells of the 


innermost 
then distil 
the exxuuti' 
is simply a 
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SIEVE TUBES 

Fig. 63 . Fibbo-Vasculab Bundle — Stem of Sunfloweb. 

(Transverse and radial longitudinal sections.) 

Fig. 6$ represents the structure of one of the fibro-vascular 
bundles in transverse and also in longitudinal section. The 
bundles are conjoint (p. 63). The xylem or wood is internal; 
the phloem or soft bast external ; and there is between them a 
strip of meristematic tissue, the fascicular or intra-fascicular 
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cambium. Bundles having the xylem and phloem placed side 
by side in this way are called collateral. When a cambium 
is present, so that further growth {secondary growth) may take 
place, they are said to be open. The bundles of the Sunflower, 
then, are collateral and open. 

The 'primary xylem contains annular, spiral, reticulate, and 
pitted vessels. They are more or less arranged in radial 
rows, and amongst them is a tissue consisting of wood-fibres 
(p. 63), and wood-parenchyma (p. 51). The smallest (annular 
and spiral) vessels are found in the region of the primary 
xylem which lies next the pith. This is the region of the 
protoxylem. The phloem or soft bast consists of sieve-tubes, 
companion cells (p. 55), and phloem-parenchyma (p. 63). 
The companion cells (Fig. 30) are slender elongated cells, with 
dense protein contents. The hard bast (p. 64) and xylem, 
being lignified, are stained brown by iodine solution. The 
cambium is a single layer of thin-walled elongated cells which 
in transverse section are seen to be more or less four-sided and 
flattened. Towards the beginning of secondary growth, 
owing to the division of its cells, it seems to consist of several 
layers. 

In some dicotyledonous stems no hard bast is developed, e.g. in the 
Wallflower. On the other hand, in many stems, instead of isolated 
bundles of hard bast, a complete ring of sclerenchymatous tissue is 
developed between the vascular bundles and the endodermis. 


15. Longitudinal Course of the Bundles. — Fig. 64 represents 
diagrammatically the longitudinal course of the bundles in a 
Dicotyledon. Tracing one of these upwards, we find that it 
runs through one or two internodes, and then bends out into 
a leaf. At the point where this bending takes place another 
bundle arises, runs upwards through one ox two internodes, 
and passes out to a higher leaf. So with all the bundles of 
the ring. Or we might express it in another way, and say 
that bundles pass into the stem from the leaves, run down- 
wards in the stem, and finally join on to bundles entering the 
stem from older leaves. 

The bundles are common bundles, i.e. they are not confined 
to the stem, but are common to stem and leaf. The upper 
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part of the bundle, running obliquely through the cortex 
towards the leaf, is called the leaf-trace. In the stem all the 
bundles run parallel to the epidermis, and at 
an equal distance from it. That is why, in 
transverse section, they form a ring. There 
is frequently considerable branching and 
intercommunication of the bundles at the 
nodes. It follows that the primary medul- 
lary rays are of limited height. It is a 
curious fact that the leaf-trace bundles do 
not grow out from the stem into the leaf, as 
might naturally be supposed, but take their 
origin in the leaf, and then grow down and 
join on to the stem-bundle. 

In the stems of a few Dicotyledons cauline 
bundles , i.c . bundles confined to the stem, are found 
in addition to the usual common bundles. They 
usually run through the pith within the ring of 
common bundles and communicate with the latter 
at the nodes. 

16. Distribution of Strengthening Tissue. ^Ihowin^Tbn^ 
— It will be observed that the strengthening e rally the 
tissues in the Dicotyledon stem (xylem, Longitudinal 
sclerenchyma, collenchyma) are arranged Buotuj^in™ 
near the periphery. It can easily be shown Dicotyledon^ 
that this is the arrangement which best meets ous Stem. 

the strains to which the stem is subject. A 
little reflection will show that the stem of a land-plant is 
mostly subject to bending strains (from wind and other 
influences). Now, if we bend a stem, it will be evident that 
the strain falls chiefly on the two sides of the stem. On the 
concave side the outer tissues will be compressed, while on 
the convex side they will be elongated. There is little or no 
strain in the middle. Thus the strengthening tissue will be 
most advantageously disposed neaT the periphery where the 
strain is greatest. 

In roots, stems of water-plants, and other members, which 
must be able to bend and yet withstand pulling strains, the 

7 
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strengthening tissue, as we shall see later, is arranged in the 
centre. It may be taken as a general rule that the distribution 
of strengthening tissue in the various members of a plant is in 
accordance with the strains to which they are subject. 

17. The Apical Meristem and Development of Tissues. — 

Having now described the arrangement and the different 
regions of permanent tissue found in the fully grown herbaceous 
stem, let us see if we can trace any relation between these and 
the apical meristem from which they are derived. A longi- 
tudinal section (Figs. 65 and 66) through the apical bud of a 
dicotyledonous stem shows the apical meristem, and also the 
mode of origin of young leaves and branches. By examining 
such a section, and also a regular succession of transverse 
sections, we can trace the gradual differentiation of tissues. 

In some stems three 
regions can be distin- 
guished in the apical 
meristem. There is a 
single outermost layer 
passing right over the 
apex. If we trace this 
layer into the region of 
permanent tissue, we find 
that its cells divide only 
by walls at right angles 
to the surface; there are 
no divisions parallel to 
the surface. Thus the 
layer remains single. It 
is the young or embryonic epidermis, and is called the 
dermatogen. 

Internal to this is the second region, the periblem. At the 
extreme apex it may be a single layer; but behind the apex, 
owing to the irregular division of its cells, it becomes many- 
layered. From it the cortical region of ground-tissue is 
developed. The periblem, therefore, is the young or embryonic 
cortex. Its innermost layer becomes the endodermis, or 
bundle-sheath, 



Fig. 65. Growing-Point of a >Stem. 

(Longitudinal section.) 
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The third region forms the core, or central part of the 
apical meristern. It is known as the plerome. From this 
region is differentiated the whole of the central cylinder of 
tissue lying inside the endodermis, and including the vascular 
bundles, pith, and medullary rays. 



(Longitudinal section — diagrammatic.) 

The dermatogen is always very distinct; but it iB only in a com- 
paratively few stems- — chiefly stems in which the apex is slender and 
the leaves are not numerous — that there is at the apex a clear distinction 
between periblem and plerome. In some stems the periblem and 
plerome seem to arise from a common group of initial (meristematic) 
cells, and become recognisable only at some distance behind the apex. 
Sometimes they cannot be distinguished at all; and, occasionally, what 
appears to be the plerome is really the young pith, the tissue which 
gives rise to the bundles not being marked off from the periblem. 

18. Development of the Vascular Bundles. — At some dis- 
tance behind the apex a number of longitudinal strands of 
elongated meristematic cells make their appearance near the 
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periphery of the plerome. The divisions which take place in 
these cells are chiefly longitudinal, so that, on transverse 
section, the cells appear smaller than the cells of the central 
region, which develops into the pith. The strands are called 
procambial or desmogen strands. A transverse section (Fig. 

67) shows that they are 
developed in a ring of similar 
small- celled tissue, forming 
the peripheral region* of the 
plerome. The strands develop 
into the vascular bundles; 
they are in fact the young 
or embryonic bundles. 

In the differentiation of a 
procambial strand, the first 
xylem elements — the proto- 
xylem , consisting of annular 
and spiral vessels — make their 
appearance on the inner side 
next the pith ; the first phloem 
elements — protophloem — on 
the outer side. Differentia- 
tion proceeds from these 
points towards the centre of 
the strand. The xylem and 
phloem formed after the protoxylem and protophloem are 
known as metaxylem and metaphloem. The xylem vessels 
formed last are pitted. The differentiation, however, is in- 
complete. A layer of meristematic cells persists in the middle, 
between the xylem and the ploem, as the fascicular cambium. 
This, being derived directly from the apical meristem, is a 
primary meristem. In fact, it is a direct continuation down 
the stem of the apical meristem (p. 49). The primary phloem 
thus developed is the soft bast. 

The longitudinal differentiation of the bundle shows considerable 
variety. In typical cases it begins at a node and extends from this 
point downwards into the internode and outwards into the leaf. The 
procambial tissue of leaf trace and leaf is developed in the periblem (see 
p. 150), 
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Fig. 67. Transverse Section 

NEAR THE AFEX OF A STEM, 
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19. Conjunctive Tissue.— The small-celled tissue around and 
between the procambial strands differentiates into ground - 
tissue, which being closely associated with the vascular tissue 
is called conjunctive tissue . The vascular tissue and associated 
conjunctive tissue constitute what is called the stelar system 
of tissue, or simply, the stele. 

The peripheral band of conjunctive tissue lying outside the 
ring of bundles and internal to the endodermis is called the 
pericycle. It may be a single layer of cells (e.g. Wallflower); 
but it usually consists of a number of layers. In the latter 
case it may consist entirely either of thin-walled tissue or of 
lignified tissue. Most frequently, however, the portions of 
pericycle which lie just outside the bundles, and. these only, 
are lignified, and form the hard hast of the bundles. This 
lignification takes place later than the differentiation of the 
bundles. Thus the hard bast, strictly speaking, does not 
belong to the bundle at all. The intervening parenchymatous 
portions of the pericycle cannot be distinguished from the 
tissue of the medullary rays, which are developed from the 
tissue lying between the procambial strands. 

The small-celled conjunctive tissue on the inner side of the 
bundles frequently forms a very distinct zone round the pith, 
called the perimedullary zone (Fig. 67 — it is not shown in 
Fig. 62). In description it is not distinguished from the pith. 


20. The relations which, in typical cases, exist between the 
regions of permanent tissue and the regions of apical meristem 
may be shown thus : — 
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21. Summary. — The stems of most herbaceous Dicotyledons, 
and the young tender shoots of dicotyledonous shrubs and trees, 
have a structure agreeing in its general characters with that just 
described. These general characters may be summarised — 

(a) The apical rneristem shows, more or less distinctly, 

dermatogen, periblem, and plerome. 

(b) The bundles, in transverse section, are arranged in a 

ring, and thus the ground-tissue is divided into 
regions known as cortex, pith, and medullary rays. 



Fig. 68. T. S. of Pbotostelic Stem of a Fern ( Oleichenia ) ( x 20). 

( c ) The bundles are collateral, and most of them common. 

The xylem contains typical vessels, wood-fibres, and 
wood-parenchyma. The phloem contains sieve-tubes, 
companion cells, and phloem-parenchyma. Hard bast 
is often present as a lignified portion of a peri-cycle. 

(d) The bundles are open, so that secondary growth may 

take place. 
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22. Stelar Evolution in the Stem. — When plants left the 

water, and adapted themselves to life on land, it was evidently 
necessary to develop a conducting tissue to lead water up the 
stem to the leaves; this is the xylem. Moreover, the roots, 
being below ground, and therefore unable to do photosyn- 
thesis, had to be supplied with food made in the leaves, and 
passed down a conducting-tissue called the phloem. The 
stems of certain water-plants and ferns show the simplest 
possible arrangement of these tissues, namely the protostele 
condition (Gk. stele, a column). T he central xylem is 
surrounded by p hloem^_^Qutside whic h we s ee the^ COjtex 
(FlgTSB): The stems of water-plants such as Myriophyllum, 
Elodea, Callitriche, and Hippuris have reverted to this 
primitive condition (Fig. 69). 



The protostelic condition is characteristic of the young 
primary stems of ferns, and is also found in most roots; but 
in roots the continuity of the phloem is interrupted at certain 
points by the xylem, which at these points extends out to 
the pericycle (Fig. 89). The protostele arrangement, although 
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good to resist the pull to which roots are subjected, is not the 
most efficient arrangement for the stem, which is subjected 
to the side-thrusts of wind and rain. Ordinary steel bicycle- 
tubing, if hammered solid with the same amount of metal per 
length, gives steel wire somewhat smaller in diameter than 
an ordinary lead-pencil, and a bicycle made of this material, 
though weighing the same as a machine made of hollow tubing, 
would collapse. Hence we find, as stems evolve, a tendency 
to open up the mechanically strong xylem away from the centre. 

In the stems of most ferns, as growth proceeds, the primitive stele 
dilates. In the centre there first appears a patch of conjunctive paren- 
chyma ( primitive pith), and then, higher up, a large-celled medulla or 
pith resembling the cortex and quite different from conjunctive tissue. 
This hollow or medullated stelo is known as a siphonostele (Fig. 70, b). 



Fig. 70. Transition from the Protostelic to the Dictyostelio 
Condition in the Stems of Ferns. 

(Diagrammatic transverse sections.) 

A, Protostelic ; B, Siphonostelic ; C, Solenostelic ; D, Dictyostelio. 

An internal band of phloem, and an internal pericycle or ©ndooycle 
are usually developed; and an internal endodermis may separate the 
stelar tissue from the pith. This further development of the medullated 
stele is known as a solenostele (Fig. 70, o). Its continuity is interrupted 
by portions of it ( meristeles ) (Gk. meros — a part) passing out to the 
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loaves. The gaps thus formed, through which the pith communicates 
with the cortex, are called foliar gaps. When they are numerous the 
hollow cylinder is broken up into a network of strands. As the internal 
endodermis, pcricycle, and phloem unite with the corresponding external 
tissues in each strand so as to surround the xylem, the strands simulate 
the appearance of protostoles. Hence the stems are said to be polystelic, 
and the vascular strands havo been called stoles (Fig. 70, i>). Evidently, 
however, they are not individually equivalent to protosteles, and are 
better described as merisieles, or simply as “ concentric bundles.” This 
is now called the diclyoslelic condition . 

In most dicotyledonous stems no primitive protostclic condition is 
found. The stele dilates at once on passing from the primary root into 
the stem, and forms what is evidently a special kind of hollow cylinder 
or siphonostele, which differs from that described above in that the 
vascular tissue has separated into a number of collateral bundles with 
conjunctive tissue between (Fig. 71). This form of siphonostele, which 
is characteristic of dicotyledonous stems, is sometimes called a typical 
monostele or eustele. 

The eustele is, in turn, 
more efficient than the 
siphonostele, the strong 
xylem in the bundles 
acting in the same way 
as the ropes that hold 
a flagpole up. 

It is interesting to 
note that the ordinary 
monocot yledono us 
stem, with its typically 
scattered vascular bundles, generally starts as a protostele. 
This quickly passes into a siphonostele, which breaks up into 
collateral bundles, as in the stem of a dicotyledon, and the 
bundles become scattered (sec Fig. 79). This probably means 
that the monocotyledons are derived from dicotyledonous 
ancestors. 

23. Other arrangements in Dicotyledons. — In the stems of 
the Marrow family, there are often two rings of bundles, and 
the latter are bicollateral, i.e . they have phloem on the inner 
side of the xylem, as well as on the outer side (see Fig. 72). 
This may possibly be connected with the enormous fruits 
produced in this family. 



Fig. 71. Showing how the Eustele 

MAY BE DERIVED FROM THE SIMCLE 

Siphonostele. 




Fig. 72. Part of a Transverse Section of Marrow Stem, 
INCLUDING ONE OF THE VASCULAR BUNDLES. 

A, epidermis ; B, collenchyma (at sides) and parenchyma (in middle) of the cortex ; 
C, endodermis ; D, aclerenchyma ; E, parenchyma (intra-stelar,); F, outer phloem; 
G, cambium ; H, xylem ; J, inner phloem (note the cambium between this and 
the protoxylem). 
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Then, again, in a few anomalous dicotyledon stems, the 
bundles are more or less scattered, though seldom as com- 
pletely so as in a monocotyledon. In Auricula the stem is 
polystelic, i.e. it has scattered concentric bundles, each with 
its own endodermis. 

24. Secondary Growth. — We have now described the primary 
structure characteristic of dicotyledonous stems. In her- 
baceous Dicotyledons it is practically the only structure to be 
recognised. On the other hand, in those perennial Dicotyledons 
whose aerial parts continue their growth from year to year, 
and which form shrubs and trees, this primary structure is 
completely modified by secondary growth which provides for 
the necessary extension of the vascular and other systems of 
tissue. By secondary growth is meant the formation of new 
tissue owing to the activity of a cambium layer, so that the 
member in which it occurs increases in thickness. 

The student must bear in mind that the cambium is a 
meristem. Its cells are capable of dividing and forming new 
cells, which are modified or differentiated into permanent 
tissue-elements. The new tissues thus formed are called 
secondary to distinguish them from the tissues differentiated 
from the apical meristem. In considering this process we 
have to study the formation, not only of secondary vascular 
tissue, but also of secondary ground-tissue (phelloderm) and 
secondary tegumentary tissue (cork and bark). 

25. Initiation of the Process. — We have already seen that 
there is a layer of fascicular cambium between the primary 
xylem and phloem. When the process of secondary growth is 
about to begin, certain of the parenchymatous cells in each 
medullary ray also become meristematic. These strips of 
secondary meristem (p. 49) are called interfascicular cambium 
(Fig. 62). They cross the medullary rays from one bundle to 
another, and join on to the fascicular cambium. In this way 
a complete ring of cambium — the cambium ring — is formed in 
the stem. Its formation can readily be studied in the older 
internodes of Helianthus , where there are the beginnings of 
secondary growth, or in the young green twigs of trees. 
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26. Division of the Cambial Cells. — The elongated cambium cells are 
flattened in the radial direction, and their end-walls are obliquely 

inclined (Fig. 4, b). The method 
PHLOEM of division is as follows: Each 
cell divides tangentially ( i.e . by 
a wall at right angles to the radial 
direction) into an outer cell and 
an inner cell. Of these one con- 
tinues as a cell of the cambium. 
The other may divide once or 
twice, but all the cells to which 
it gives rise are ultimately differentiated into permanent tissue. The 
cell which continues as a cambial cell increases in size and again 
divides. As before only one of the two colls is differentiated. And 
so on (see Fig. 73). 


•CAMBIUM 


'XYLEM 


A B C D E 

Fig, 73. Illustrating Mode of 
Action of the Cambium. 


27. The Secondary Tissue (Figs. 74, 75, and 76). — The new 
cells formed by the cambium are given off on both sides — 
internal and external. Those given off on the inner side are 
modified into wood elements — secondary xylem; those on the 
outer side, into phloem elements — secondary phloem. 

It is evident, if the original position of the cambium ring be 
kept in mind, that the secondary xylem is laid down just 
outside the pith and primary xylem groups, and that, as a 
consequence of this, the cambium ring passes farther and 
farther from the centre of the stem, pushing in front of it the 
phloem -tissue both primary and secondary. In other words, 
the primary xylem and primary phloem become widely 
separated from each other, owing to the intercalation between 
them of the tissue formed by, and on either side of, the 
cambium. 

The primary xylem bundles can still be recognised ax the 
periphery of the pith, and form what is called the medullary 
sheath . The primary phloem lies on the outer side of the 
secondary. Pushed outwards as it is, and lying therefore on 
the circumference of a widening circle, it is subjected to 
lateral tension. For this reason it is very frequently spread 
out over the surface of the secondary phloem, and the original 
distinct groups of primary phloem are no longer recognised; 
but scattered groups of bast-fibres (representing the original 
hard bast, i.e. pericycle fibres) are frequently seen on the 
periphery of the secondary phloem. 
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Seeing that the interfascicular cambium as well as the 
fascicular produces this secondary tissue, there are no longer 
wide medullary rays running between pith and cortex. Certain 


X 



D 


Fig. 74. Secondary Growth in Stem: of Currant ( Diagrammatic). 

MP, Epidermis ; PH, Phloem ; C A, Cambium ; XY, Xylem ; CC, Cork Cambium. 

cells of the cambium ring, however, instead of giving rise to 
wood and phloem elements, produce parenchymatous cells 
which form narrow medullary rays traversing radially the 
secondary wood and phloem. Strictly speaking, seeing that 
they are formed from the cambium, they consist of secondary 
tissue. Usually, however, those whose formation commenced 
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at the beginning of secondary growth, and which therefore 
run (though they are very narrow) from pith to cortex, are 
still called primary, the term secondary being reserved for 
those whose formation began later, and which therefore start 
somewhere in the secondary wood and end somewhere in the 
secondary phloem. 






GROWTH OF WOOD. 
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of secondary wood are distinctly marked off from each other, 
and are known as the annual rings. 

The wood formed in the spring differs somewhat from that 
formed in the autumn. The former, the spring wood, consists 



Fig. 76. Part of a Transverse Section of a Three-year-old 
Internode of a Dicotyledonous Stem. 

(#./ /. Elder.) 


of large, well-formed elements; the latter, the autumn wood, 
of smaller, more strongly thickened and lignified elements. 
This is partly owing to the greater activity of growth during 
the spring, partly because during the winter the pressure 
exerted by the outer tissues lessens slightly owing to the 
cracking of the cork. Occasionally more than one ring 
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may be added during a year owing to fluctuation in the 
amount of food or water supplied to the cambium ; but 
the number of annual rings indicates approximately the 
age of the stem. 

This appearance is not seen in the phloem. Usually, as 
seen in transverse section, the phloem forms a continuous 
circular band, traversed by narrow medullary rays. In some 
cases, however (r.g. in the Lime), owing to the medullary rays 
expanding tangentially, by growth and division of their cells, 
the phloem seems to be made up of a number of conical masses 
with the apices directed outwards. The primary phloem 
groups are found at the apices of these (see Fig. 77). 

The secondary xylem consists of wood-vessels, wood-fibres 
(sclerenchymatous fibres) and tracheides, and wood-paren- 
chyma. It contains only pitted vessels. In rare cases there 
are no vessels; more frequently, e.g* in Willows and Poplars, 
there are no tracheides. The function of the wood-paren- 
chyma is to provide for the diffusion of nutritive products; 
it serves also for the storage of starch, and other products of 
metabolism. All the xylem elements being lignified give 
strength and rigidity to the stem. 

The secondary phloem frequently consists entirely of soft 
bast, but sometimes (e.g. in the Lime) it contains layers of 
bast fibres (hard bast). The soft bast contains sieve-tubes, 
companion cells, and phloem-parenchyma. The sieve-tubes 
and companion cells serve for the transport of protein sub- 
stance; the phloem-parenchyma for the transport and storage 
of carbohydrate substance. 

The medullary rays are vertical plates of parenchyma 
traversing the wood and phloem in a radial direction. Their 
cells are elongated radially. They are not usually more than 
one to a few cells wide. In height they vary from two to 
about fifteen cells. They must not be thought of as sheets 
of tissue running continuously from the base of the stem to 
the apex. By means of the medullary rays the phloem and 
other tissues are supplied with water absorbed from the wood. 
On the other hand, through them the living cells of the wood 
receive nutritive substances which have been elaborated in 
the leaves and conveyed down the stem in the phloem. 



Fig. 77. Part of a Transverse Section of Three. year-old 
Lime Stem. 

A, Epidermis ; B, Periderm ; 0, Collenchyma ; D, Parenchyma (C and D together 
make up the Cortex); E, Expanded portion of a Medullary Ray : several Rays are 
shown traversing the Xyleru and Phloem ; F, G, Alternating Bands of Hoieren- 
ohytna (J< ) and * 8oft Bast (Sieve-tubes, Companion-cells, Parenchyma), together 
making up the Phloem ; H, Cambium ; I, Summer Wood; J, Autumn Wood. 

LBOT. ■ 113 ft 
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28. Duramen and Alburnum. — In old trees showing many 
annual rings, the central region of secondary wood becomes 
distinctly marked off from the peripheral region. In the 
central region the wood-cells (wood-parenchyma) lose their 
contents, and the walls and cavities of the xylem elements 
are filled with tannin and other substances, which give a 
dark colour to the wood and preserve it from decay. This 
dark-coloured central region of the xylem is called the duramen 
or heart-wood ; the peripheral region, which alone serves for the 
transference of watery solutions, is the alburnum or sap-wood. 

29. Phellogen — Formation of Cork (Fig. 76). — It is evident 
that this internal formation of secondary wood and phloem 
must exert considerable pressure on the peripheral tissues 
(cortex and epidermis). The epidermis is stretched and 
eventually ruptured. To provide for this there is the 
formation of new tissue from another cambial layer developed 
in this region. This cambial layer, which arises as a secondary 
meristem, is the phellogen or cork-cambium. 

In the majority of cases ( e.g . in the Elder) the phellogen has 
a superficial origin in the outermost layer of the cortex, 
immediately underneath the epidermis. At some stage in 
the process of secondary growth, the cells of this layer become 
meristematic. The young cells given off to the outer side 
of the phellogen are suberised, and form a tissue known as 
cork or periderm (see p. 53). This tissue being impermeable 
to water cuts off the epidermis from nourishment. The 
epidermis dies and gradually peels off as the first bark of the 
tree. The cork is the secondary tegumentary tissue developed 
to replace the epidermis and carry on its functions. 

New cells may also be produced on the inner side of the 
phellogen. The tissue thus formed is parenchymatous and is 
added on to the primary cortex. It is the phelloderm or 
secondary cortex. This tissue, however, is frequently absent 
(Fig. 76), or only sparingly developed, during the first few 
years of secondary growth. 

Although the phellogen of the stem usually originates in the outermost 
cortical layer, it may arise in other layers. Thus in Willows it originates 
in the epidermis itself. Sometimes it is the second or third layer of 
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the cortex which becomes meristematic, e.g. in the Laburnum. In 
Clematis, the Vine, and others, the first phellogen arises in the pericycle. 
In these cases the first bark consists not only of the dead epidermis, 
but also of all cortical tissue external to the phellogen. It may be 
taken as a general rule that the deeper the origin of the phellogen, the 
earlier and more abundant is the formation of phelloderm. 

30. The Bark may be defined as all dead tissue lying 
outside an active cork-cambium. We have already indicated 
what the first bark consists of. The first phellogen formed 
may persist for a large number of years, e.g. in the Birch; 
in the Beech it persists throughout the life of the tree. This 
is the case only where the first phellogen has a superficial 
origin. In such cases there may be a considerable formation 
of bark owing to the dying off of the older cork-layers. 

But in most cases this first phellogen dies, sooner or later 
in those plants where it ha$ a superficial origin, early in those 
where it is deep-seated. It is replaced by a new or secondary 
phellogen developed ir^ the deeper tissue. This produces a 
new cork-layer, and as a result all the outlying tissues (the 
original cork* etc.) die and are added to the bark. If the 
succession of secondary phellogens is rapid it often happens 
that the phellogen comes to lie close to the phloem. In some 
cases, even, the new phellogens may arise in the phloem, e.g . 
in the Vine and Clematis. 

In some trees the bark comes away in sheets, and is spoken of as 
ring-bark. This may be due either to the fact that the first phellogen 
is persistent, e.g. in the Birch, or to the fact that the successive phellogens 
appear in the form of regular rings. But in many trees the bark is given 
off in scales — scale-bark — e.g. in the Plane. This is due to the fact that 
the secondary phellogens do not arise as regular rings or layers, but in 
the form of little tangential strips abutting on the previous phellogen. 

31. Lenticels (Fig. 78). — In the young green shoot, the 
epidermis, as we have seen, has stomata allowing for the 
interchange of gases and water-vapour. When the cork- 
tissue is developed we usually find certain structures known as 
lenticels having the same function. These form small oval 
scars on the brown surface of the shoot (e.g. in the Elder). 
Sections show that at these points the cork-cells are not in 
close contact, but have separated from each other and form a 
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loose, granular, or powdery mass through which gases and 
vapours can readily pass. 

The lenticels are as a 


EPIDERMIS LOOSE CELLS 



PHELLOGEN C CORTEX' 


rule developed immedi- 
ately underneath the 
stomata. Where a thick 
mass of cork is devel- 
oped they form long 
passages or canals, filled 
with the powdery cork- 
cells, as, for example, 
in the ordinary cork of 
commerce. The lenti- 


Fig. 78. Section through a Lenticel. cels are closed during 

winter by the formation 

of ordinary cork-tissue in the position C in the diagram. 


II. —THE MONOCOTYLEDON. 

32. The Typical Arrangement. — Fig. 79 shows the typical 
arrangement of tissues in the monocotyledonous stem, as seen 


EPIDERMIS 



I ENDODERMIS v * BUNDLE [ 

GENERAL CORTICAL TISSUE PERICYCLE 

Fig. 79. Half of a Transverse Section of a Monocotyledonous 

Stem. 

(Diagrammatic.) 

The tisane between the bundles is thin-walled jjarenchyroatous ground-tissue. 

in transverse section. There is a large number of vascular 
bundles scattered irregularly through the ground- tissue. They 


MONOCOTYLEDON BUNDLE. 


117 


are smaller and closer together at the periphery of the stem 
than in the centre. Owing to this scattered arrangement of 
the bundles, the ground-tissue is not marked off into pith and 
medullary rays. 

The ground-tissue consists chiefly of thin-walled paren- 
chyma, but just under the epidermis there may be patches of 
colic uchyma or sclerenchyma. In addition to this there is, 
in many monocotyledonous stems, a stout band of scleren- 
chyma, called the strengthening zone, developed just outside 
the region containing the bundles. This strengthening zone 
is the lignilied selerenchymatous pericycle. The layer of cells 
immediately outside it is the endodermis, which, however, is 
usually very faintly marked in Monocotyledons. The endo- 
dermis, as in Dicotyledons, is the innermost layer of the 
cortical ground-tissue. In the monocotyledonous stem the 
vascular tissue of the stclar system separates into a number of 
distinct collateral bundles, each invested by its own sheath of 
lignified conjunctive tissue (sclerenchyma, Fig. 80). 

While this arrangement is found in many monocotyle- 
donous stems, e.g. in Ruscus (the Butcher’s Broom) and in 
Asparagus, it should be carefully noticed that in others the 
pericycle and endodermis are not marked off by special 
characters from the rest of the parenchymatous ground- 
tissue — e.g. in the Maize. 

33. The Vascular Bundle (Fig. 80). — The bundles are 
collateral. The xylem is directed towards the centre of the 
stem, and in transverse section is usually more or less distinctly 
V-shaped. Large pitted vessels, one or more, are situated on 
each arm of the V. The protoxylem vessels occupy the apex 
of the V. In some plants, e.g. in the Maize, an air passage 
is lysigenously formed by the breaking down of one or more 
of the annular vessels. The phloem lies between the arms of, 
but, as a rule, slightly outside, the V. It consists of sieve- 
tubes with small companion cells; there is no phloem-paren- 
chyma. On its outer side small protophloem elements can 
often be recognised, but there is no hard bast. The reason 
of this will be evident if the student remembers that the 
hard bast in the Dicotyledon is a lignified portion of the peri- 
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cycle. The bundles are closed, i.e. there is no cambium, and 
therefore no secondary growth. 



PROTOPHLOEM 
SIEVE TUBES 
COMPANION CELLS 


LARGE PITTED 
VESSELS 

SMALL PITTED 
VESSELS 

SPIRAL AND 
ANNULAR VESSELS 


XYLEM PARENCHYMA 

LYSIGENOUS CAVITY 
SCLERENCHYMA 


Fig. 80. Transverse Section of Vascular Bundle of Maize. 


34. Longitudinal Course of the Bundles (Fig. 81). — The 
bundles are common. The leaves have usually a broad 
insertion, and from them a number of bundles can be traced 
into the stem. Their downward course in the stem is not 
parallel to the surface, but curved. They first run obliquely 
downwards towards the centre, and then bend outwards 
again towards the surface. After running through one or 
two internodes they join on to bundles passing in from older 
leaves. At all levels then we obviously have bundles situated 
at varying depths in the ground-tissue, and it is for this reason 
that the transverse section shows a scattered arrangement. 


35. Apical Meristem and Differentiation of Tissues.— In the 
apical meristem dermatogen , periblem > and plerome can be 
more or less clearly distinguished as in the Dicotyledon. The 
dermatogen gives rise to the epidermis, the periblem to the 
cortical ground-tissue, and the plerome to the tissues within 
this. As already indicated, the endodermis (innermost layer 
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developed from the periblcm) and hypodermal tissue (collen- 
chymatous or sclerenchymatous) may or may not be distinctly 
marked off. The pericycle may or may not be sclerenchy- 
matous. Scattered procambial strands appear in the plerome. 
Differentiation of vascular tissue takes place as in Dicotyle- 
dons, but is complete, so that no cambium is left. 


36. Modifications. — Sometimes the bundles are 
not irregularly scattered, but confined to particular 
regions of the ground-tissue. In the Black Bryony 
( Tamus communis ), for example, they run in tho 
region of ground-tissue immediately inside the 
strengthening zone. In this case there is a super- 
ficial resemblance to the dicotyledonous arrange- 
ment. In Grasses the central region of the 
ground-tissue in the internodes has been absorbed, 
so that the intemodes are hollow, and the bundles 
run in the ground-tissue (derived from the plerome) 
near the epidermis. Finally, in a few Monocoty- 
ledons — Yucca, Dracaena, etc. — there is a form 
of secondary growth. It is only in these few 
forms that we meet with secondary growth among 
Monocotyledons. 

Certain examples of monocotyledonous trees may 
occur to the student, such as the Palms. In these, 
however, there is no secondary growth. The 
whole of the tissues of the stout palm-stem are 
derived from a huge apical meristem. In Palms 
there is the typical scattered arrangement, though Big. 81. Longi- 
the tissues undergo much thickening and lignifi- tudinal Course 
ca tion. of THE Bundles 

in the Mono- 
cotyledon. 

37. Exceptional Secondary Growth. — In (Diagrammatic.) 

Yucca, Dracaena, and a few others, there 

is a form of secondary growth. In the primary condition 
of the stem there is the typical scattered arrangement of 
common bundles which are closed. A cambium originates 
in the pericycle entirely as a secondary meristem. It gives 
rise to new tissue on the inner side only, and this tissue is 
differentiated into new secondary bundles with intervening 
ground-tissue. The new bundles are cauline (p. 97). A 
phellogen (secondary meristem) also develops beneath the 
epidermis, and produces cork. 




120 


THE STEM OF THE ANGIOSPERM, 


III.— GENERAL. 

38. Origin of Lateral Branches.— In both Dicotyledons and 
Monocotyledons axillary buds have a superficial origin from 
the apical meristem of the parent-stem. They arise as little 
protuberances of dermatogen and periblem only (Fig. 66). 
The plerome of the parent-axis takes no part in their formation. 
For this reason their development is said to be exogenous. As 
the axillary protuberance increases in size a plerome (derived 
from the periblem of the parent axis) differentiates, and 
becomes connected with the plerome of the parent. Young 
leaves begin to grow out and overlap the apex. Thus we have 
an axillary bud which in all respects reproduces the structure 
of the apical bud of the parent-axis. 

39. Healing of Wounds. — When a stem (or other member 
of a plant) is injured, the outermost uninjured layer of living 

ground-tissue forms a 
meristem (phellogen), 
producing a cork-layer 
which protects the 
wounded surface. This 
power of healing 
wounds is possessed 
by Monocotyledons as 
well as by Dicotyle- 
dons, 

Frequently, in 
woody plants, the un- 
injured cells adjacent 
to the wounded surface 
do not directly produce 
a cork-layer, but give 
rise to a succulent 
mass of parenchymat- 
ous tissue called the callus. This fills up and covers the wound, 
and cork is formed on its surface. If the cambium is injured, 
the cells of the callus form a fresh strip of cambium, which 
becomes connected with the injured layer, and thus provision 
is made for the continued formation of secondary tissue. 



Fig. 81 a. Illustrating the Healing op 
the Wound Caused by Sawing off 
a Branch. 


co., Callus; w, Wood; b, Bark. 
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When a branch of a tree is cut or broken off, a covering of 
callus is developed from the cambium layer round the margin 
of the exposed surface. The cambium developed in this 
produces secondary tissue, which, in course of time, com- 
pletely buries the stump. This is the origin of the knots so 
frequently met with in the wood of trees (Fig. 81 a). The 
hardness of the knot is due, of course, to the pressure of the 
surrounding wood. When plants are propagated by means 
of cuttings, there is a similar formation of callus on the cut 
surface. 



CHAPTER V. 


THE ROOT OF THE ANGIOSPERM. 

1. General Characters root may be defined as that 
member of a plant which tends to turn downwards, away 
from light and towards water; which, as a rule, bears neither 
leaves nor buds; and which usually has at the apex a protec- 
tive cap of tissue called the root-cap.) The internal structure 
and development, also, are characteristic. It is by con- 
sideration of these characters that true roots can be distin- 
guished from root- like stems. 

A. External Characters. 

2. Tap and Adventitious Roots. -—^s already explained, the 
terminal portion of the radicle is the embryonic or primary 
root.^) In the majority of Dicotyledons the primary root, at 
germination, elongates, grows down into the soil, branches, 
and forms the root-system of the plant. This is known a 
tap-root sy stem g) The elongated primary root is described as 

the branches, if developed in regular acropetal 
succession, as normal secondary rootsi The branching is 
invariably lateral. Where an elongated tap-root bears normal 
secondary roots the branching is racemose (Fig. 58). Where 
the parent-root remains short, and the normal branches form 
the extensive root-system, the branching may be compared 
with the cymose type (Fig. 82). 

j£lnstead of normal roots, however, we may find adventitious 
roots. ( These are roots developed (a) on stems; ( b ) in a few 
cases on leaves. Adventitious roots are common in dicotyle- 
donous plants, more especially in those with rhizomes, runners, 
trailing stems, etc. (e.g. Figs. 52 and 53). In Monocotyledons, 
in nearly all cases, the roots are adventitious (sel|). 77p 
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3. Functions and Adaptations of Roots. — Like stems, roots 
have a form and organisation adapted to their mode of life 
and the conditions in which they live. Only where they are 
exposed to light do they contain chlorophyll, and help to a 
certain extent in carbon-assimilation. They are usually 
buried in the soil, and, for this reason, are not exposed to such 
a diversity of influences as stems. Their environment being 
less complex, they naturally show less variety in form and 
adaptation. " 

At the same time, the functions of an ordinary root — 
(a) Mfne fixation of the plant, (6)^the absorption of nutritive 
solutions from the soil — may be carried on in many different 
ways, according to the nature of the soil or the needs of the 
plant. We find also that roots may take on special functions. 
They may, for example, function a^torepl^ces of nourishment, 
or aa^limbing organs. Sometimes theyjlCre aerial, sometimes 
aquatic In a few cases roots are more highly specialised as 
floats, spines, and so on. For these reasons the forms and 
adaptations of roots are by no means few. 

4. Forms of Tap- and Normal Branch-Roots. — The most 
typical form, found more 
especially in herbaceous 
Dicotyledons, is the fibrous 
branching tap-root. Here 
both the main or tap root 
and the normal branches 
are elongated and slender, 
more or less resembling 

58). Such roots 
only in “ deep- 
f ceding” plants. A modification of this is the short stout 
rimary root, with an extensive system of fibrous normal 
ranches (Fig. 82). Such roots are found in “ surface feeders/" 

Annual roots are usually thin and fibrous and contain no 
stored food-substance. Perennial roots, on the other hand, 
have mq|e or less reserve material providing for ne^ct year’s 
growth, and may become thick and fleshy, as m^Dandelion 
and Dock. Iter the same reason the root in biwpial plants 


fibres (Fig. 
are found 



Fig. 82. Short Primary Root with 
Fibrous Normal Branches. 
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may be greatly thickened, as in Carrot, Beet, Radish, and 
Turnip (Fig. 83). It should be noticed, however, that the 
so-called tap-root of the Carrot and Beet (conical tap-root) 



CONICAL FUSIFORM NAPIFORM 

Fig. 83. Forms of Thickened Tap-Root. 


really includes the hypocotyl, while in those of Radish (fusi- 
form tap-root) and Turnip (napiform tap-root) the swollen 
part consists entirely of the hypocotyl. Sometimes normal 
secondary roots become swollen and tuberous, forming normal 
root-tubers. 


5. Forms of Adventitious 



Fig. 84. Palmate Tuber of an 
Orchid. 


Roots .-^Adventitious roots are 
usually slender and fibrous, 
as in Grasses. But frequently, 
owing to storage of food- 
material, they become tuberous, 
as in Dahlia, Paeony, and many 
Orchids. These root- tubers may 
be simple and undivided; or 
double, i.e. branched into two 
(double tuber); or branched in 
a finger-like manner (palmate 
tuber, Fig. 84). In Dahlia and 
Paeony the tuberous roofs grow 
out from the base of the stem 


(Fig. 85). In Orchidj|they are 

developed adventitiously from buds produced $t the base of 

a 
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the season’s shoot. In the following year the buds develop 
into new aerial shoots at the expense of the material stored 
up in the tubcrsj 

Sometimes adventitious roots are aerial^ as in many Orchids, 
where they are adapted for absorbing moisture from the air. 
Occasionally aerial roots function as climbing organs ( root- 
tendrils ), e.g. in the Ivy. Many plants have what are called 
parasitic roots,* These plants, instead of deriving their 
food-material in the usual way, send “ suckers ” (haustoria) 
into other plants and absorb their nutritive juices. 



6. The Ropt-Hairs (p. 62) are developed on roots a short 
distance behind the root-cap. They do not persist behind 
this region. Besides acting as absorbing organs they play 
an important part in the fixation of the plant, as the particles 

♦ According to some these are not true roots, but structures of the 
nature ol^mergoncos (p. 62 ). They differ from simpler emergences in 
having a core of vascular tissue, and from most roots in being usually 
exogenous in origin. 
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of soil firmly adhere to them. They are well seen on the 
roots of seedlings grown in moist sand (Fig. 86). 

B. Internal Structure. 

7. The Apical Region. — Fig. 87 represents diagrammatically 
a median longitudinal section of the radicle of the embryo of 
the Almond or Sunflower. See also Fig. 88. Covering the 
apex is the root-cap, which, as has already been indicated 
(p. 59), is a many-layered epidermis. Beneath this is the 

meristem, which gradu- 
ally passes farther back 
into the older tissue of 
the root. The meristem 
shows, very distinctly as 
a rule, the same regions 
as in the stem — der- 
matogen, periblem, and 
plerome. 

The dermatogen cells 
usually divide by both 
perpendicular and tan- 
gential walls, so that at 
the apex of the root it 
forms the many-layered 
root-cap. The periblem, 
as in the stem, gives rise 
to the cortical ground- 
tissue. The plerome gives 
rise to the central cylin- 
der containing the vas- 
cular tissue with its 
associated conjunctive 
tissue (the stele). Pro- 
cambial strands make their appearance in it, and, on further 
development, these are completely differentiated into vascular 
bundles — some into xylem bundles, others, alternating with 
them, into phloem bundles. The differentiation of both xylem 
and phloem bundles begins on the outer side of the procambial 


COTYLEDON COTYLEDON 



Fig. 87. Longitudinal Section of 
Embryo of Sunflower (Lower 
Part only). 

(Diagrammatic.) 
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strands, so that the protoxylem and protophloem both lie to 
the outside. 

In most Dicotyledons tho root-cap tissue shades off farther 
back into a single layer, which produces the root-hairs (the 
piliferous layer). In most monocotyledonous roots, as can 
readily be recognised in a similar section of the radicle of the 
Maize, the same structures are seen; but here the tissue of 
tho root-cap peels off completely, so that behind the apex the 
piliferous layer is the outermost layer derived from the peri- 
blem (Fig. 88). The layer of meristem from which the 
root-cap is formed is sometimes called the calyptrogen . 




8. Primary Structure ^oot-cap 

of Boots, — A transverse — 

section of a monocotyle- £ 
donous, or of a young g 
dicotyledonous, root 
(Figs. 89 and 90) shows £ 
a varying number of o ^ 
vascular strands, or ^ 
bundles, more or less 
aggregated towards tho a 0 
centre. These bundles, 
developed from pro- 

cambial strands, are 

not conjoint, but con- 
sist of phloem only, or 
xylem only. The xylem 
and phloem bundles are ' piliferous layer 

\ i t lug. 88. Longitudinal Section through 

equal m number, and the q> IP op THK & AmcLE 0F A Mono- 

alternate with each ootyledonous Embryo. 


other, so that they are 

situated on different radii of the transverse section. They 
are separated by conjunctive tissue. It is important to notice 
that the stele is exarch , i.e the protoxylem elements (annular 
and spiral.) lie towards the periphery, and not, as in the stem- 
bundles, towards the centre (endarch). 

In many roots all the xylem bundles fuse or meet in the 
centre of the root in a number of large pitted vessels ; in this 
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case there is no pith. In others, the centre of the root is 
occupied by a parenchymatous, sometimes sclerenchymatous, 
tissue, which may simply be called the pith. 



Fig. 89. Transverse Section of a Young Dicotyledonous 
Root with Tetrarch Stele. 


The vascular cylinder is surrounded by two special layers of 
cells. The inner layer consists of parenchymatous cells with 
protoplasmic contents, and is the pericycle. It is the outer- 
most layer of conjunctive tissue (cf. the stem). In the roots 
of Angiosperms it is usually a single layer. The outer of the 
two layers is the endodermis or bundle-sheath , and is the 
innermost layer of cortical tissue developed from the periblem 
(cf. stem). Its cells in transverse section are four-sided, and 
slightly elongated tangentially. 
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In the typical endodermis the radial walls of the cells are 
suberised and have a wavy, uneven character, so that, as 
seen under the microscope in a transverse section of the root, 
they appear less definite 
and somewhat darker 
than the others (Fig. 89). 

There are no spaces 
between the endodermal 
cells. While, therefore, 
the endodermis permits 
the diffusion of liquids 
it forms an airtight 
membrane, which pre- 
vents the passage of air 
from the cortical tissue 
to the central cylinder. 

Behind the absorbing 
region of the root the 
walls of the endodermal 

cells, more especially the ppotoxylfm 

radial and inner walls, Fig _ 90 Traksverse Seotion of tiib 
are often strongly thick- Central Part of the Root of 

ened and suberised (Fig. Iris, showing the Polyaroh Stele. 

9 °). 

Outside the endodermis lies the parenchymatous cortical 
tissue. The outermost layer of the root is the piliferous layer. 
The great point in which the piliferous layer differs from the 
epidermis of the stem is that the piliferous layer is never 
thickened or cutinised ; since, if it were, it would be unable to 
take in water from the soil. Sometimes the layer internal to 
the piliferous layer is specially distinguished, and is then 
called the exodermis. Behind the absorbing region where the 
piliferous layer is shed, it is suberised. 

9. The vascular cylinder in roots was formerly regarded as a com- 
pound vascular bundle, and described as a radial vascular bundle, 
because the xylem forms a number of rays with alternating groups or 
patches of phloem. It was placed on a level with, and compared with, 
the collateral bundle of the stem. This radial arrangement of vascular 
tissue is characteristic of roots ; but we have now to recognise that the 

I. BOT. 9 
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vascular cylinder of the root is a stele, containing a number of bundles 
(in addition to conjunctive tissue), and is, therefore, comparable, not 
to a single collateral bundle, but to the whole stelar system of the stem. 

Where there is no pith, the stele may be regarded as a special form of 
protostele (an actinostele), in which the continuity of the phloem is 
broken by the extension of the xylem outwards to the pericycle. The 
significance of this is obvious if it is remembered that the solutions 
absorbed by the root-hairs pass through the cortical tissue and into the 
xylem. The stele becomes siphonostelic if a well-defined pith is present. 
Polystely is known to occur only in a few palms. 

10. Monocotyledonous and Dicotyledonous Roots. — While 
in monocotyledonous and young dicotyledonous roots the 
general arrangement , as described, is the same, there are several 
very characteristic points of difference: — 

(a) In Dicotyledons (Figs. 89, 91, and 92) the number of 
xylem bundles usually varies from two to five, although there 
may be more than five. In Monocotyledons , while a limited 
number — about five to eight — is sometimes found (eg. root 
of Leek), there are usually many more than this — as many 
as twelve to twenty (e.g. roots of Iris, or Maize, Fig. 90). 
Where there are only two xylem (and two phloem) bundles, 
the stele is described as diarch; where three, triarch ; four, 
tetrarch ; five, pentarch ; many, poly arch. 

(b) In both Dicotyledons and Monocotyledons the differ- 
entiation of procambial tissue is complete; but in most 
Dicotyledons, a cambium, and later a phellogen, arise as 
secondary meristems, and secondary growth takes place; in 
these the structure above described is only the primary 
structure. In Monocotyledons there is no secondary growth, 
and the same structure can be recognised in all the fully 
developed regions of the root. 

(c) In Monocotyledons the pitted vessels are large and 
nearly circular in transverse section; in Dicotyledons they are 
usually much smaller, and more or less polygonal. 

11, Secondary Growth in the Dicotyledon (Figs. 91-93). — 
When secondary growth is about to begin, certain conjunctive 
cells lying on the inner side of each phloem bundle become 
meristematic (Figs. 91 and 92). Thus strips of cambium, 
equal in number to the phloem bundles, make their appear- 
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ance. These gradually extend outwards between the xylem 
and phloem bundles, owing to more of the conjunctive parenchy- 
matous cells becoming meristematic. 



Fig. 91. Transverse Section of the Diaroh 
Stele of a Dicotyledonous Root. 

The origin of the Cambium in shown. 


The curved strips of cambium thus produced come into 
contact with the pericycle on each side of the protoxylem. 
These pericycle-oells now become meristematic, and, in this 
way, the cambium strips are united and become continuous 
round the tips of the protoxylem groups. Thus a continuous 
wavy band of cambium is formed, running internal to the 
phloem bundles, external to the xylem. It should be recog- 
nised that this cambium is entirely a secondary meristem, 
arising partly from parenchymatous cells between xylem and 
phloem, partly from the pericycle. 

The cambium-cells divide exactly as in the stem. The 
secondary xylem (Fig. 93) is laid down around the pith (if 
present) and the primary xylem bundles. The secondary 
phloem is formed outside the cambium, and, together with the 
primary phloem and other tissues, is gradually thrust outwards 
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as the cambium adds to the secondary xyiem. The cambium- 
cells on the inner side of each primary phloem bundle are the 
most active, and, owing to this, the cambium-layer as a whole, 
which was at first a wavy band (in transverse section), soon 
becomes circular. 


ENDODERMIS , PROTOXYLEM 

\ i P ERICYCLE / PHLOEM 



Fig. 92. Transverse Section of Triarch Stele of Root of Elder. 

(Secondary growth is beginning,) 

The cambium-cells lying just outside the primary xyiem 
bundles, instead of giving rise to secondary wood and phloem, 
usually produce strands of parenchyma — the main (also called 
primary) medullary rays — radiating outwards through the 
secondary wood and phloem from the tips of the protoxylem 
groups. If a very compact secondary wood is formed, it 
may be difficult to detect the primary xyiem bundles, or the 
main medullary rays. Small secondary medullary rays also 
are formed from the cambium-cells. Annual rings of 
secondary wood can be recognised, but are not so distinct 
and well-defined as in the stem. 

If the primary structure and the subsequent development 
be borne in mind, it is evident that the primary phloem 
bundles should be found just outside the secondary phloem 
on radii alternating with the primary xyiem bundles; but, 
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frequently, as in the stem, they are more or less disorganised 
and mixed with the secondary phloem. 

If there is any considerable secondary growth, the pericycle, 
sooner or later, becomes completely meristematic, and forms 
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Fig. 93. Transverse Section of Dicotyledonous 
Root after Secondary Growth. 
(Diagrammatic.) 


a phellogen, or cork-cambium (a secondary meristem). This 
phellogen produces cork externally, and usually also, internally, 
a considerable amount of phelloderm (as in most deep-seated 
phellogens). Lenticels may be developed. The endodermis 
and cortical tissue die, and are given off as bark. It is com- 
paratively rarely in roots that the phellogen has a superficial 
origin. 

12. Anomalous Secondary Growth. — In the roots of a few Dicotyledons 
the first cambium ring after a time becomes inactive, and a new cambium 
arises in the pericycle or in the phelloderm. This in its turn, after 
producing a ring of xylem and phloem, is similarly replaced. In this 
way a series of concentric rings, consisting of secondary xylem and 
phloem, is formed in the root. This can easily be observed in the root 
of the Beet. 
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13. Development of Lateral Rootlets (Fig. 94). — Normal 
root-branches are usually developed, in Angiosperms, entirely 
from the pericycle. The cortical tissue of the parent-root 
takes no part in the formation of the tissues of the lateral 
branch. This development from a deep-seated layer is called 
endogenous. 



CNDODERMIS 

Fig. 94. Transverse Section of a Dicotyledonous Root (with 
Diarch Stele), showing the Development of a Lateral Rootlet. 

The development begins some little distance behind the 
apex of the parent-root, but before secondary growth has set 
in. The young lateral roots generally make their appearance 
in the pericycle just outside the protoxylem groups, so that 
the number of longitudinal rows of lateral roots usually 
corresponds to the number of xylern bundles in the stele. 
Thus, if there are four xylem bundles, there will usually be 
four longitudinal rows of normal lateral branches. 

When development begins, the cells of the pericycle divide, 
i.e. become meristematic, and produce a growing-point, which 
soon shows a distinction into dermatogen, periblem, and 
plerome. The young branch-root gradually elongates, boring 
its way through the overlying cortical tissue till it reaches the 
surface of the parent-root. At first the endodermis and, it 
may be, one or two layers of cortical cells form a sort of cap 
over the apex of the developing rootlet. This is known as the 
“ digestive sac” because it secretes a ferment which dis- 
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organises or digests the walls of the overlying cells and so 
enables the young root to reach the surface. The structure 
of the lateral root is identical with that of the parent-root. 

In Dicotyledons it is evident, considering the points at 
which the rootlets are developed, that after secondary growth 
has begun they will be seen (in a transverse section) radiating 
out from the tips of the primary xylem bundles, and therefore 
running as it were through the main medullary rays. 

Adventitious Roots are developed similarly. If they are developed 
from the stem, they originate in the pericycle of the stem. 

14. Exceptional Cases. — Not uncommonly lateral rootlets are 
developed from the pericycle opposite the phloem bundlos, e.g. in 
many Grasses where the pericycle is wanting opposite the protoxylem, 
and in many Umbelliferae where an oil-duct lies in the pericycle opposite 
each protoxylem group. Often when the stele is diarch there are four 
rows of lateral rootlets, two being developed opposite the phloem. 

15. Secondary Growth in Monocotyledons. — Exceptional secondary 
growth is found in the roots of a few monocotyledonous plants — 
Dracaena, Yucca, etc. The meristem-ring originates as a secondary 
meristem either in the pericycle or in the cortical tissue, or partly in 
one, partly in the other. There is also cork-formation, the phellogen 
originating in the superficial cortical tissue beneath the piliferous layer. 
There are a few other monocotyledonous plants in which a similar 
formation of cork occurs in the root, although there is no secondary 
formation of vascular tissue (e.g. in tho Iris). 


16. Functions of the Pericycle.— The pericycle is an impor- 
tant layer in the root, and the functions discharged by it should 
be carefully noted. Its cells have a great capacity for remain- 
ing or becoming meristematic. In both Monocotyledons and 
Dicotyledons, as we have seen, lateral roots originate in this 
layer, and, in most Dicotyledons, it helps in the formation 
of the cambium-layer, and later gives origin to the phellogen. 

17. Transition from Root to Stem— the Hypocotyl (p. 67).— 
We have already stated that the vascular system is continuous 
in root and stem. It is evident that the transition from the 
arrangement characteristic of the root to that characteristic 
of the stem is effected in that region of the axis which lies 
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between typical stem and typical root. This region is the 
hypocotyl. 


PROTOXYLEM 



Fig. 95. Illustrating Transition from Boot to Stem Structure. 

(Phloem shaded, Xylem shown as black rings, the smallest being protoxylem.) 

The transition is effected in different ways; but in many 
cases, if we trace the vascular tissue from the root to the 
hypocotyl, we find that each xylem and phloem bundle 
divides radially into two. These xylem and phloem bundles 
fuse in pairs to form the conjoint bundles passing up into the 
stem. In this process the phloem bundles practically retain 
their position with the protophloem towards the exterior, but 
the xylem bundles twist round so that they lie on the inner 
side of the phloem bundles with the protoxylem internal . In 
such cases there is the same number of conjoint bundles in the 
stem as there are xylem and phloem bundles in the root 
(Fig. 95). 



CHAPTER VI. 


THE LEAF OF THE ANGIOSPERM. 

A. External Characters. 

1. Parts of the Leaf (Fig. 96). — A leaf is a natural outgrowth 
on a stem, and arises as a morphologically dissimilar member. 
A foliage leaf consists typically of three parts : (a) the vagina 
or leaf-base; (6) the petiole or stalk; 

(c) the lamina or blade. 

The lamina is the part of the leaf 
which is chiefly concerned in the process 
of carbon-assimilation. It is usually 
thin and membranous; but in plants 
which have, for various reasons, to 
reduce transpiration and economise 
their water-supply, the leaf surface may 
be much reduced and the leaves become 
cylindrical (Onion), stiff and pointed 
(Gorge), or, if water is stored up, fleshy 
and succulent (Stonecrop). Occasion- 
ally the lamina is wanting altogether, 
as in many scale leaves and in phyllodes 
(p. 152). 

The 'petiole is typically a cylindrical 
structure, but its upper surface is 
usually somewhat flattened, and, in 
many leaves, is grooved or channelled at the base, forming 
a sort of gutter which serves to draw off water from the leaf. 
Occasionally the petiole is expanded laterally into a membrane 
or wing (Fig. 111). The main function of the petiole is to 
raise the lamina, and expose it as advantageously as possible to 
suitable illumination. It is absent in most Monocotyledons 
and also in many Dicotyledons. 
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Fig. 96. A Typical 
Leaf. 
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The leaf-base may be regarded as the flattened base of the 
petiole. In many leaves it is poorly developed, but frequently 
it forms a sheath round the stem. In Grasses the sheath is 
long and tubular and supports the base of the internode 
(Fig. 98, e). Occasionally the leaf-base becomes thick and 
fleshy, and forms an irritable cushion of tissue (the pulvinus ), 
which reacts to various external stimuli. Owing to this the 
leaf can alter its position and is protected from various 
injurious influences. In many Dicotyledons, rarely in Mono- 
cotyledons, the leaf-base bears a pair of outgrowths called 
stipules, representing a development of its membrane or wing 
(Fig. 98, b). 

2. Various Types of Leaf Structure. — The forms of leaves 
are innumerable in correlation with the diverse functions 
they perform. Several well-marked types, however, are 
of general occurrence amongst the Angiosperms. They are 
as follows: — 

(a) Cotyledons. — These have already been discussed (Chap. 
III.). If they come above ground as the first assimilating 
leaves of the plant, they are much simpler in form than the 
foliage leaves developed later. 

(b) Scale Leaves ( Cataphylls ). — Typically these are small, 
brown, membranous leaves devoid of Chlorophyll. They are 

developed on many under- 

r ground stems (e.g. rhizomes), 
and form the protective scales 
of many buds (Fig. 48, b). 
Their function is usually 
protective. They may serve 

A 97. A, Stipule^S pines of P 10 ^. b * ds tbat are 
Kobtnia. B, Stipule-Ten- developed m their axils, or, 
pbjls of Smilax. in the case of bud-scales, they 

protect the inner undeveloped 
foliage leaves of the bud. In most cases they represent leaf- 
bases, petiole and lamina being absent, e.g . on many rhizomes, 
and in buds of Horse Chestnut and Sycamore ; but bud-scales 
may be the stipules of foliage leaves (Banyan), or the stipules 
of scales (Beech and Oak) or rudimentary laminae (Lilac). The 
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nature of bud-scales can be made out by examining the opening 
buds in Spring. Sometimes scale leaves function as reservoirs 
of storage material, as in many bulbs. 

(c) Foliage Leaves. — These are the ordinary green leaves. 
They are the chief assimilating, respiring, and transpiring 
organs of the plant (p. 15). ChlorophylLi§ present because it 
is an essential factor in t^he assffinlatfon of^narbon. 

( d ) Bracts and Floral Leaves iVVf heseaf&l the specialised 

leaves barag^c^ s^oot^T (floral region of the 

plant). Tfifey will oM fully iponsidered imcpnnection 
Flower (CJtfajJ. OL). f 

In §|^to 15 we shall consider more especiallyjihe characters 
of ordinary foliage leaves.* 



Fig. 98. Forms, etc., of Leaves. 

A, Peltate leaf of Garden Nasturtium ; E, Ligulate leaf of a GrasB. 
(Haulm s= Culm, p. 79). 


* Mlloh that is given in §§ 3-15 is intended for reference only; famili- 
arity with the descriptive terms can only be gradually acquired by 
practical work. 
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3. General Descriptive Terms. — If the petiole is present, the leaf is 
petiolate or stalked; if absent, sessile. If in a leaf the membrane runs 
vertically down the stem for some distance, the leaf is decurrent (Fig. 
98, c). In Grasses a ligule (see p. 62) is developed on the base of the 
lamina, and the leaf is said to be ligulate (Fig. 98, e). 



Fig. 99. A, Perfoliate Leaf; B, Auriculate Leaf; C, Connate 

Leaves. 



Fig. 100. A, Compound Leaf of Rose with Petiolar Stipules; 

B, Part of Flowering Shoot of Pea, showing Compound 
Leaf in which the Upper Leaflets are modified into 
a Tendril. 

A leaf is stipulate or exstipulate according as stipules are present 
or absent. Stipules vary much in position, colour, size, and form. 
Sometimes they are large, green, and leafy (Fig. 100, b), showing the 
same development as an ordinary lamina {e.g. in the Pansy); in this 
case they help in the work of carbon-assimilation. When the stipules 
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are dry, small, pale, and membranous, they are usually functionless. 
In some buds ( e.g . in the Banyan), as already stated, they form the 
outer protective scales which fall off as the leaves expand. Occasion- 
ally the stipules are modified into spines, as in Zizyphus Jvjuha (the 
Ber or Bor) and Acacia arabica (Babul), or tendrils (Smilax, see Fig. 97). 

Various kinds of stipules are recognised. If they 
run up the base of the petiole for some distance, 
they are called pitiolar (Rose — Fig. 100, a). Where 
there is only one leaf at the node, if they run round 
to the other side of the stem and fuse there, an oppo- 
site stipule is formed (Banyan); if their inner margins 
cohere between the leaf and stem, an axillary 
stipule is formed; if they cohere in both ways, a 
tubular sheath called an ochrea (Fig. 101) is formed 
round the baso of the internode (this is character- 
istic of plants belonging to the Order Polygonaceae). 

4. Insertion of the Leaf. — The point at which 
the leaf -baso joins the stem is called the insertion 
of the leaf. Leaves are described as cauline or 
ramal according as they are developed on the main 
stem or on the branches. Leaves developed on very 
short “ reduced ” stems (p. 85) so that they appear 
to come off from the root are called radical leaves 
(e.g. Turnip, Carrot, Primrose). 

5. Phyllotaxis (the arrangement of leaves on a stem). — Two 
kinds of phyllotaxis are recognised: (a) spiral, (b) cyclic or 
whorled . In spiral phyllotaxis the leaves are developed one at 
each node, and are said to be alternate (Fig. 48, a). It is 
spoken of as the spiral arrangement, because, if an imaginary 
line were supposed to pass through the bases of the leaves in 
the order of their development, it would describe a spiral 
round the stem. In cyclic phyllotaxis two or more leaves 
forming a whorl (p. 82) are developed at each node; if two, 
the leaves are opposite; if more, verticillate. If in any one 
whorl the opposite leaves are placed immediately above those 
in the whorl below, so that there are only two rows of leaves 
on the stem, they are said to be opposite and superposed. 
Usually, however, they are placed at right angles, so that 
there are four rows of leaves; this is the opposite decussate 
arrangement. 

The following facts with regard to phyllotaxis are interesting. In 
spiral phyllotaxis the imaginary spiral line, following the order of 



Fig. 101. Leaf 
and Portion 
of Stem of 
Polygonum . 
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development of the leaves, is called the genetic spiral. The angle of 
circumference between any one leaf and tho next in order above it, in 
other words, the angle between tho two vertical planes passing through 
these two leaves, is the angle of divergence. Thus, suppose the alternate 
leaves are arranged in two opposite vortical rows (as in grasses). Evi- 
dently the divergence, or circumferential distance between any two 
leaves taken in order, is i.e. the angle of divergence is 180°. The two 
vertical rows of leaves are called orthostichies. 

Again, suppose, calling a particular leaf No. 1, you pass through 
five leaves before coming to one. No. 6, lying immediately above No. 1, 
and that to reach No. 6 you have passed twice round the stem. Evi- 
dently the divergence is represented by § (the whole circumferential 
distance divided by the number of leaves), and tho angle of divergence 
is 144°. The whole course gone through from leaf 1 to leaf 6 constitutes 
a cycle. There are five rows of leaves or orthostichies. Thus to find 
the divergence simply divide the number of turns in a cycle by the 
number of leaves passed on the way or by the number of orthostichies. 
For example, in a divergence of J, it is leaf No. 4 which lies above No. 1, 
and only one turn of the circumference is gone through; there are three 
orthostichies. 

The divergences common in plants may be arranged in two series : 
(a) h i> f* e> A ■ • •» (*>) b h i» A ♦ • • ^ student should notice 
the peculiar relation existing between the members in each series. 
Each fraction may be got by adding the numerators and denominators 
of the two preceding ones. Thus the series are easily remembered. 
The first series is the more important. 

In cyclic phyllotaxis there is probably a number of genetic spirals 
running round the stem; thus, in the opposite decussate arrangement, 
two with a divergence of | . 

6 . Venation. — Tlie vascular bundles which pass into each 
leaf from the stem branch out in the lamina and form the veins of 
the leaf. The veins not only convey watery solutions absorbed 
by the roots to the various parts of the leaf, and collect the 
elaborated products, but they also have an important function 
in giving strength and support to the lamina, whose flattened 
form is an adaptation to the conditions of carbon-assimilation. 

If the lamina is comparatively thin and membranous, we 
can recognise one or a number of chief veins as they give rise 
to projecting ridges or ribs on the under surface. But between 
these there are innumerable small veinlets running through the 
ground-tissue of the leaf and forming no projecting ridges. 
The character of the venation, i.e . the arrangement or appear- 
ance presented by the veins, depends chiefly on the number of 
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prominent veins or ribs and the arrangement of the smaller 
veins or veinlets. 

Two chief types are recognised in Angiosperms: (1) reticu- 
late venation, characteristic of di- 
cotyledonous leaves, though occur- 
ring also in a few Monocotyledons; 

(2) parallel venation, found in 
Monocotyledons only. In reticu- 
late venation the veinlets between 
the larger veins run together irregu- 
larly to form a network (Fig. 98, a). 

In parallel venation the larger veins 
or the veinlets all run more or less 
parallel; no irregular network is 
formed (Fig. 102). 

In both types the venation may 
be unicostate or multicostate, 
according as there is one chief 
vein (forming the midrib) or a 
number of chief veins. The former 
is also spoken of as the feather or 
pinnate type of venation. In multicostate venation the large 
veins may be divergent or convergent as they run towards the 
apex. 



Fig. 102. Parallel 
Venation. 

A, Unicostate ; B, Multicostate. 


I. RETICULATE VENATION. 


/ 1. Unicostate (feathered or pinnately veined), Fig. 96. 
\2. Multicostate: 


({a) Divergent (radiately or palmately veined), 
] Fig. 103. 

[(b) Convergent (not common). 


II. PARALLEL VENATION. 

(1. Unicostate (feathered, pinnate or curved- veined), e.g. 
-[ Banana and Fig. 102, a. 

(2. Multicostate (straight- veined): 

/(a) Divergent: many Palms. 

1(6) Convergent: Grasses, Lilies, Fig. 102, b. 

The arrangement of veins in a leaf-blade may he regarded as a branch- 
system. Thus the unicostate type is clearly a racemose branch-system ; 
while the multicostate type is a cymose branch-system, in which the 



144 


THE LEA 5’ OF THE ANGIOSPERM. 


median rib of the series (a, Fig. 103) represents the parent-axis, and 
those to the side (6, c, d) a number of daughter-axes as strongly or almost 
as strongly developed. 

7. Simple and Compound Leaves. — The appearance presented 
by <&e lamina depends chiefly on the extent to which its 

membrane is developed 
between the branches of the 
vascular system. Some- 
times it is completely devel- 
oped, and the margin of the 
lamina is entire (Fig. 98, b). 
Usually, however, it is not 
completely developed. The 
extent to which it is in- 
complete varies immensely. 
Sometimes there are only 
small irregularities or cut- 
tings of the margin, as in 
Figs. 96 and 105, a, fre- 
quently larger indentations 
called incisions are produced between the chief veins or branches. 

When the wing or membrane is not developedj-t all 

between the branches, the leaves are mmpmnd. All other 
leaves, in which the membrane is present to some earfbnt, 
however little, between the branches, are siiwpU , leaves. 

A compound leaf is one in which the lamina is broken up 
into a number of separate parts called leaflets, articulated at 
one point, or borne on a common stalk or rachis. A simple 
leaf is one in which the lamina is not split up into distinct 
leaflets. The leaflets of compound leaves in many respects 
resemble simple leaves. 

In the case of trees large leaves are frequently much divided or 
compound. The significance of this is partly that the leaves are thus 
protected from mechanical injury, more especially from the destructive 
action of the wind. This can be recognised by observing the leaves of 
such trees as the Horse Chestnut, Ash, and Rowan during a storm. 
Rut, apart from this, the subdivision of the lamina also prevents over- 
shading of the lower leaves borne on the plant, this is probably the 
chief reason why large leaves borne on many herbaceous plants are much 
divided or compound. 



Fig. 103. Palmatifid Leaf, illus- 
trating Multioostate Venation 
and Branching. 
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The leaves of aquatic plants arc often much divided. The reason 
in this case is partly that the leaves are thus preserved from risk of 
mechanical injury; but the chief reason is that, being much divided, 
the leaves present as large a surface as possible to the water, and are 
therefore able to carry on more efficiently the processes of respiration 
and carbon-assimilation. 



Fig. 104. Outlines, etc., of Leaves. 

A, Subulate; B, Acicular; C, Linear; D, Lanceolate; E, Oblong; F, Cordate; 
O, Obovate ; H, Obeordate, In E and G the apex is rounded or obtuse ; in F 
acuminata ; in H, retuse. 



Fig. 105. Outlines of Leaves. 

8. Outline of the Lamina. — Many terms are in use to describe 
the simpler forms of outline presented by simple leaves or the 
leaflets of compound leaves. Only those most frequently 
used are given in the accompanying Figs. 104 and 105. 

I. EOT. IQ 
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9, The margin of a leaf or leaflet is entire if it is perfectly even and 
shows no irregularities ( Fig. 104) ; serrate, if it shows a number of sharp 
processes directed forward towards the apex (Fig. 100, a); dentate, or 
toothed, if these processes project outwards and are not directed 
forwards (Fig. 108, c); crenate, if the processes are rounded (Fig. 105, a); 
biserrate, bidentate, bicrenate, if the processes themselves bear smaller 



leaf. 

secondary processes of the same kind ; spiny, if the margin bears a num- 
ber of hard, spiny processes resembling prickles (e.g. Holly); crisped, 
or curled, if very wavy and irregular, as in the Endive; sinuate, if the 
margin is more deeply indented, as in the Oak (Fig. 106, d). The sinuate 
margin forms a transition to the deeper cuttings of the margin, which 
are called incisions (§ 12). 

10. The apex of a leaf or leaflet may be rounded (or obtuse — Fig. 
104, e); if it comes to a point, it is acute (Figs. 104, c and 100, a); if 
slender and very much drawn out, acuminate (Fig. 107, a). 
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11. Hairs. — Tho leaf may be hairy. If the margin of the leaf bears 
a fringe of fine hairs, it is described as ciliate. 

12. Incision of the Lamina. — In a unicostate leaf, if the 
incisions do not pass half-way down to the midrib, the leaf is 
pinnatifid (Fig. 106, e); if rather more than half-way, pin- 
natipartite (Fig. 106, c); if almost to the midrib, pinnatisect 
(Fig. 106, b). Corresponding to these simple leaves, we have, 



Fig. 107. Incision of Lamina. 

A Multifoliate palmate compound leaf ; B, Palmatiseet leaf ; C, Palmatipartite 
’ leaf ; I), Ternate compound leaf. 


where the incision is complete, the compound leaf of the 
pinnate type (Fig. 106, a). Similarly, where the venation is 
multicostate, we may have palmatifid (Fig. 103), palmatipartite 
(Fig. 107, c), or palmatiseet (Fig. 107, b) simple leaves; and 
the corresponding compound leaf is of the palmate type 
(Fig. 107, A). 
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The terms pinnati-fid, -partite, -sect, palmati-fid, -partite, -sect are 
also applied to leaflets of compound leaves. If the divisions of a simple 
leaf are again incised, the terms bi-pinnatifid, etc., are used; or a pin- 
natipartite leaf may have divisions which are pinnatifid, etc. 



In C the numbers indicate tlio branching. 


When a unicostate leaf is incised in such a way that there is a large 
rounded terminal division with others which become gradually smaller 
towards the base, the leaf is said to be lyrate (Fig. 108, a). A runcinate 
leaf (e.g. Dandelion, Fig. 108, b) is a pinnatifid leaf in which there is a 
large pointed terminal lobe, and the apices of the smaller lobes behind 
are directed backwards. In a multicostate leaf, where, as already 
indicated, the branching is of the cymose type, only daughter-branches 
of the first order, as a rule, are given off in a cymose fashion, as in Fig. 
103; but occasionally these may again branch cymoSely, as in Fig. 
108, c. This is known as a pedate leaf. 

13. Compound Leaves. — Often a compound leaf is mistaken 
by beginners for a stem bearing leaves. The following points 
of difference should be carefully noticed : (a) a compound leaf 
has no apical bud or growing-point; (6) it has a bud in its 
axil, and does not arise in the axil of a leaf; (c) it may have 
stipules, or an expanded sheath at the base ; {d) the apparent 
leaves (really leaflets) have no axillary buds. 
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There are certain special terms used in the description of compound 
leaves to which we must now refer. In the pinnate leaf the leaflets are 
borne on the common rachis or axis. Usually the leaflets are arranged 
in pairs, the leaflets of each pair being opposite each other. If an 
unpaired terminal leaflet is present, the leaf is described as imparipinnat© 
(Fig. 100, a); if no terminal leaflet is present, so that the number of 



Fig. 109. Bipinnate Leaf. Fig. 110. Bitern ate Leaf. 


leaflets is even, the leaf is paripinnate (Fig. 106, a). The leaflets them- 
selves may bo completely incised. Here the secondary leaflets formed 
are called pinnules, and the loaf is said to bo bipinnate (Fig. 109). 

In a palmate compound leaf the leaflets come off at the same point. 
If there are two leaflets, the leaf is bifoliate , or 
binate ; if threo, trifoliate , or ternate (Fig. 107, n), /\ 

and so on; if a largo number, multifoliate (Fig. /\ \ 

107, a). Usually leaves with three leaflets are A \T/\ 

regarded as ternate, except where, as in Fig. /a\| / A 

106, f, the secondary petioles come off at /QxNk /j\ 

different points. Fig. 110 shows a biternate leaf. / / Z\ 

In the Orange there is a peculiar compound / 
leaf, bearing only one leaflet. This is recognised 

as a compound loaf by the fact that the expanded V /// 

lamina is distinctly articulated to the winged 

petiole (Fig. 111). \kXJ/ yV/ 


14. Texture and Duration of Leaves.— 

The texture and duration of leaves depend vf/ 

largely on the nature of the environment Fig. 111. Compound 
ana the adaptation of the plant. Shade- Leaf of Orange. 
and moisture-loving plants have thin leaves 
with poorly developed epidermis. Sun-plants and plants 
living in dry conditions, in which there is often a risk of 
excessive transpiration, usually have firmer and thicker leaves 
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with well-developed cuticle. This condition is very marked 
in the leaves of many tropical plants which are exposed to 
strong sunlight, and in evergreen plants in temperate regions, 
in which transpiration must be reduced to a minimum during 
the winter season. 

Leaves which are thin and membranous are described as herbaceous. 
Some are succulent and fleshy. The leaves are caducous if they fall off 
very early; deciduous , if they fall at the end of each season; persistent , 
if they remain on the plant for more than one season. Plants with 
persistent foliage leaves are evergreens. 

15. Prefoliation. — The form and arrangement of the young leaves in 
the bud condition, for which the term prefoliation is used, show a 
beautiful regard for economy of space. Prefoliation includes (a) Ptyxis , 
or the form of the young leaves in the bud , i.e. the way in which they are 
folded or rolled on themselves; (b) Vernation , or the relation between 
the different leaves in the bud, i.e. the manner in which they are arranged 
with regard to each other. These points may be determined either by 
removing the leaves of a bud one by one, or, better, by taking cross- 
sections of the bud. In flower- buds we speak of prefloration, including 
ptyxis and aestivation.* 



CONDUPL1CATE 





PLICATE CIRCINATE CONVOLUTE 



REVOLUTE INVOLUTE 


Fig. 112. Ptyxis of Leaves. 

The diagrams represent transverse suctions of the young 
leaves, except those of reclinate and circinate 
ptyxis, which are longitudinal. 


(a) Ptyxis of the Leaf (Fig. 112), — It is plane if there is no folding or 
rolling at all; conduplicate r if the right half is folded over on the left; 
plaited , or plicate , if there are numerous longitudinal folds; crumpled , if 
folded in all directions; convolute , if rolled from one margin to the other; 


* The terms vernation and prefoliation, aestivation and prefloration, 
are variously used by different writers. 
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involute , if rolled from both margins to the middle of the upper surface; 
revolute , if rolled similarly to the middle of the lower surface; circinate , 
if rolled up from apex to base. 

(b) Vernation (Fig. 113 ) is valvate if the young leaves touch each other 
laterally, but do not overlap; imbricate , if some overlap others, but not 
regularly; twisted , or contorted , if one margin of each leaf is directed 
inwards, and is overlapped, while the other margin is directed outwards, 
and overlaps the margin of the adjacent leaf. 



EQUITANT 


16. Special Adaptations of Leaf Structure. — Many striking 
modifications of foliage leaves have arisen in adaptation to 
special conditions. 

(a) Leaf Tendrils. — Leaves or parts of leaves frequently 
have the form of tendrils (p. 85). Thus in the Pea the tendrils 
represent the leaflets of a compound leaf (Fig. 100, b). In 
some species of Pea, e.g. Lathyrus ajphaca , all the leaflets are 
specialised in this way, and the functions of the foliage leaf 
are taken on by the stipules, which are large and green. The 
stipules may be modified into tendrils, as in Smilax. 

(b) Leaf Spines. — Leaves or parts of leaves may take on 
the form of spines. In many cases this modification must be 
regarded as primarily due to the necessity for cutting down 
transpiration, but spines also serve as protective organs. The 
whole leaf may be thus modified, as in the Barberry, where 
the spines are branched (see Fig. 114). In the Barberry 
intermediate forms between foliage leaves and spines are often 
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found. Tn the Gorse the leaves as well as the branches are 
modified into spines. The young seedling Gorse bears tri- 
foliate leaves. In the Holly and Spear Thistle the spines 
are outgrowths of the leaf-margin. In Robinia pseudacacia 
the stipules are spiny. In the Goose- 
berry the spines are developed on the 
leaf- base. 

(c) Phyllodes. — In some Australian 
Acacias the lamina of the leaf is absent, 
while the petiole develops a wing and 
takes on the appearance and functions 
of a lamina. These flattened petioles 
are called phyllodes and are an adapta- 
tion to dry conditions. They are 
vertically expanded, with surfaces 
right and left, instead of horizontal 
as in ordinary bifacial leaves. This 
vertical position, together with the 
reduced surface exposed to the air, 
diminishes transpiration. The young 
seedling Acacias have normal com- 
pound leaves, and the transition from 
these to phyllodes can be observed 
during the growth of the seedling. Among British plants, 
the Grass Vetchling, Lathyrus Nissolia, possesses well-developed 
pyhllodes. 

(d) Pitchers, etc. — Various interesting modifications of 
leaves are found in insectivorous plants. The most striking 
example perhaps occurs in Nepenthes , the Pitcher Plant, 
where the leaves are modified into pitcher-like organs. An 
account of insectivorous plants is given in Chap. VII. 

[2Vote . — For directions with regard to the description of leaves see 
Appendix .] 



Fig. 114. Leaf-Spines 
of Barberry. 

S, Primary lateral leaf modi- 
fied into three spines, and 
bearing in its axil a dwarf 
shoot, on which grow the 
leaves, L. 


B. Internal Structure of the Leaf. 

17. The Petiole. — A stout petiole or leaf-stalk, when 
examined by itself, i.e. without its lamina, might be mistaken 
by the student for a stem. As a rule, however, it is readily 
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distinguished. In most cases the petiole is a dorsi ventral 
structure; it is not perfectly cylindrical, but more or less 
flattened, often markedly grooved on its upper surface. 

In angiosperms one or more collateral bundles pass from 
the stem into the leaf (p. 97). They are accompanied by a 
tissue continuous with the pericycle and endodermis. Usually, 
as they run through the petiole, especially in the case of large 
leaves, they break up into a number of smaller collateral 
bundles, each of which becomes surrounded by pericycle and 
endodermis. The bundles, as seen in transverse section, may 
be scattered more or less irregularly with their xylem portions 
towards the middle of the upper surface, or in a curved band. 
Occasionally ( e.g . the Horse Chestnut) they form a ring, as in 
the vstem of the Dicotyledon — their xylem portions being 
towards the middle of the petiole. Even in this case it is 
usually found that the bundles towards the upper surface are 
smaller than those towards the lower surface. 


The pericycle and endodermis, though present, are as a 
rule not very distinctly 


marked ofl from the sur- 
rounding ground-tissue. 
Sclerenchyma may be 
developed in the peri- 
cycle. The rest of the 
ground-tissue is mostly 
parenchymatous, but 
bands or ridges of collen- 
chyma or sclerenchyma 



Fig. 115. Diagram to show Bundles 
seen in Transverse Section of 


are frequently developed Leaf-Stalk of Sunflower (X10). 

beneath the epidermis. 

The epidermis resembles that of the stem (see Fig. 115). 

In dicotyledonous petioles a rudimentary cambium is 
present between xylem and phloem. It is only in a few 
exceptional cases that it becomes active and gives rise to 


secondary growth. 


18. The Lamina— Bifacial Type.— A section , (Fig. 116) 
through a small portion of the lamina of an ordinary bifacial 
leaf (p. 10) at right angles to one of the veins shows a well- 



154 


THE LEAP OP THE ANGIOSPERM. 


marked epidermis with cuticle protecting the upper and lower 
surfaces. Between these is the ground-tissue or mesophyll 
of the leaf, with the vascular bundles running through it. 


PALISADE TISSUE UPPER EPIDERMIS 



Fig. 116 . Leaf of Privet. 


Transverse section taken at right angles to the midrib. 


Towards the upper surface the mesophyll consists of one 
or more layers of columnar or elongated cells, with com- 
paratively few intercellular spaces, and arranged more or 
less at right angles to the epidermis. This is the palisade 
parenchyma. Towards the lower surface the mesophyll 
consists of smaller, rounded or stellate cells loosely packed 
together so that there are numerous intercellular spaces 
communicating with stomata in the lower epidermis. This is 
the spongy parenchyma. The cells of both palisade and spongy 
mesophyll contain numerous chloroplasts. The palisade tissue 
is concerned chiefly in the work of carbon-assimilation; 
the spongy tissue also discharges that function, but is more 
especially adapted to allow interchange of gases and vapour 
between the atmosphere and the leaf-tissue. 

Between the palisade and spongy mesophyll run the 
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vascular bundles. If one of the veins has been cut trans- 
versely, it will be seen to consist of xylem towards the upper 
surface, phloem towards the lower. Some of the smaller 
bundles may be cut obliquely or longitudinally. Endodermis 
and pericycle are present round the larger bundles, but are 
usually recognisable as distinct layers only when, as frequently 
happens, the pericycle is lignified, and the endodermal cells 
contain starch (starch -layer). The pericycle disappears in 
the smaller veins. 

In many leaves it can be seen that the palisade cells at their 
inner ends are connected in groups with single mesophyll cells 
(Fig. 117). The latter are called collecting cells because they 
collect the carbohydrates elaborated in the mesophyll tissue, 
and pass them on to the cells of the bundle sheath whose 
function apparently is to conduct the carbohydrate material 
from the leaf downwards into the stem. 

The structure of the leaf varies con- 
siderably in detail according to its 
adaptation. The palisade tissue is well 
developed in the leaves of plants which 
grow exposed to bright sunlight; it is 
poorly developed in shade-plants. In 
the mesophyll strengthening bands of 
sclerenchyma may here and there be 
developed, usually between the vascular 
bundles and the epidermis. This is 
well seen in Grasses. Cells containing 
crystals or cavities containing oil are 
frequently found. In some thick cori- 
aceous leaves (e.g. Holly) a hypodermal 
layer is developed serving probably for water storage. 

In many monocotyledonous leaves which stand more or less 
erect, as for example, in various Lilies, palisade tissue is not 
developed. The mesophyll tissue presents the same appear- 
ance towards both surfaces and consists of small rounded 
cells containing chloroplasts. The bifacial character of the 
leaves, however, is shown by the fact that the xylem portions 
of the vascular bundles are all directed to the same surface 
(upper surface). 



PALISADE CELLS 

Fig. 117. Part of 
Section of Leaf, 
Showing Palisade and 
Collecting Cells. 



156 


THE LEAF OP THE ANGIOSFERM. 


19. Isobilateral and Centric Leaves. — In the isobilateral leaf 
of the Iris palisade tissue is not developed, and the mesophyll 
presents the same appearance towards both surfaces. There 
is a series of bundles towards each side, the phloem portions 
of the bundles in each series being directed outwards towards 
the epidermis. The lower part of the leaf is hollow. 

In centric leaves there is a radial arrangement of tissue. 

20. Development of the Leaf (Figs. 65 and 66). — The leaf 
originates as a small lateral protuberance at the meristematic 
apex of the stem. This protuberance consists of dermatogen 
and periblem only. The development is superficial, and 
therefore exogenous (p. 120). At first all the cells are meri- 
stematic, but later the meristematic tissue is restricted to the 
middle or base of the developing leaf, and growth is therefore 
intercalary. Finally, when the full number of cells has been 
produced, the meristem dies out. At this stage the young leaf 
is still very small and folded up in the bud with the other leaves. 

w p 


A(XIO) 

B (XflO) 

Fig. 118. Water-pore on edge of Tropaeolum Leaf. 

WP, Water-pore ; KP, Epithem-tisaue ; V, Veinlets. 

The expansion and increase in size of the leaf, when the 
bud unfolds, is due simply to the growth of the individual 
cells, not to the formation of new cells. During the earlier 
development procambial strands make their appearance 
(developed here in periblem-tissue), which sooner or later 
become connected with the procambial strands of the stem. 
These differentiate into the vascular bundles. 
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21. Leaf Apex— -Endings of the Veins— It will be evident 
from the foregoing paragraph that the fully formed leaf has 
no apical growing-point such as the stem has, and further, 
therefore, that the terminations of the vascular bundles or 
veins must be different. Frequently the veinlets have no 
definite endings, but form anastomoses or fusions with 
neighbouring veinlets. Sometimes they end blindly in the 
mesophyll. Where the ending is definite, the vascular tissue is 
gradually lost. The larger xylem vessels and phloem elements 
disappear. The remaining small xylem elements are of the 
nature of spiral and reticulate tracheides. In a few cases these 
pass gradually into a mass of small-celled glandular tissue 
( epithem-tissue ), with which are usually associated a number 
of water-pores (see Fig. 118). 


STEM 


22. Fall of Leaves— There 
are certain important pro- 
cesses connected with the 
leaf-fail in deciduous trees. 

Before the leaf falls a layer of 
cork is formed across the base 
of the petiole by the meri- 
stematic activity of the living 
cells (phellogen) lying immedi- 
ately internal to it. This 
meristematic property is taken 
on, not only by cells of the 
ground-tissue of the petiole, parenchyma cells 
but also by cells in the vascular 
bundles, so that the cork-layer 
is formed right across the 
petiole, and joins on to the 
cork-layer formed in the stem. 

The fall of the leaf is directly 
due to the disorganisation of the layer of parenchymatous 
cells (absciss-layer) lying just outside the cork-layer. Thus 
the surface exposed when the leaf falls is protected by the 
cork-layer. The wood-vessels of the vascular bundles are 
constricted by the cork-layer, and may also be closed with 



ABSCISS LAYER 
SPACE 


CORK 


CORK CAMBIUM 

Fig. 119. Leaf-fall. 

It will be seen that the leaf is practically 
hanging on by its vascular bundle. 
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gum, so that when they are broken across there is no exudation 
of sap (Fig. 119). 

Leaf-fail is determined by interruption or failure of the 
water-supply produced by conditions which either retard the 
absorption of water by the root or unduly promote transpira- 
tion. Thus leaves fall naturally in this country towards the 
approach of winter; but a long period of very hot, dry weather 
may bring about the same result. That it is a natural process, 
due to vital activity, is shown by the fact that the leaves of a 
dead branch do not fall. There is a similar formation of cork 
at the base of prickles. 

23. We may conveniently close the chapter with a general 
definition of a leaf. A leaf may be defined as any natural 
exogenously developed outgrowth of a stem, differing from the 
stem itself in structure, occupying a definite position in 
development, and having in different regions a form and 
organisation adapted to the functions it has to perform. A 
leaf-structure, whatever its special form, is distinguished from 
a stem or root by its position and mode of development. 



CHAPTER VII. 


NUTRITION AND GROWTH. 

1. In Chap. I. (§ 11) we indicated, in a very general way, 
the physiological processes connected with nutrition and 
growth, and here and there we have made scattered references 
to the functions of various tissues and organs. We have now 
to give special consideration to these processes as they are 
exhibited in the higher plants. Although considered with 
special reference to the Angiosperm, they are essentially the 
same in all green plants showing differentiation into root, 
stem, and leaf. Before reading this chapter the student should 
again refer to pp. 12-15. 

2. Importance of Water. — That protoplasm is the essential 
living substance by which all these physiological processes are 
carried on has already been sufficiently emphasised. We must 
again allude, however, to the important part played by water. 
Most parts of plants contain a considerable amount of water; 
occasionally, in very succulent plants, it forms as much as 
ninety per cent, of the total substance. All the organic 
substance is permeated with water. Water is one of the 
important forms in which essential chemical elements (Hydro- 
gen and Oxygen) enter the plant. Besides this, it is the 
medium for the solution, absorption, and transit of all other 
food materials; the medium by which these are brought into 
intimate relation with the living substance. Amongst the 
manifold adaptations exhibited by plants, some of the most 
striking are concerned with the regulation of the absorption, 
distribution, and exit of water. 

Exp. I. — Place some dry seeds (e.g. Pea or Barley) in moist sawdust, 
and others in perfectly dry sawdust, and compare the results after a 
week or two. It will be found that water is necessary for the germina- 
tion of seeds. 
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Exp. 2. — Place one or two dry seeds ( e.g . Pea, Horse Bean, or Barley) 
in a test-tube and heat carefully over a Bunsen flame. Observe the 
moisture which condenses on the sides of the test-tube. The water is 
driven off more rapidly if the seeds are first of all cut into small pieces. 
{So-called “ dry ” seeds really contain water. 

Exp. 3. — Cut several dry seeds into pieces and weigh them. Place them 
in a porcelain crucible or basin (also weighed) and dry them thoroughly 
without charring them. This can bo done by means of a water-bath 
or a sand-bath over a small ilamc. By weighing again determine how 
much water the seeds originally contained. It is usually a little over 
10 per cent. If whole seeds dried in this way are placed in moist saw- 
dust it will be found that they can still absorb water but do not germi- 
nate. Evidently the water present in seeds is necessary for life,, though 
not sufficient to enable germination to take place. 

Exp. 4. — Observe the drooping which takes place if a plant is 
unwatered or if a branch is cut off and exposed to the sun. The 
amount of water contained in the succulent parts of plants (leaves, 
etc.) can be determined by the method of Exp. 3. It is usually from 
60 to 90 per cent., and depends not only on the part examined, but also 
on its age. 

3. The Food Materials of a Green Plant. — If we make a 
chemical analysis of a plant— an analysis of the gases given 
off, and the residue or ash left behind on burning the 
plant — we recognise the following chemical elements: carbon, 
oxygen, hydrogen, nitrogen, sulphur, phosphorus, calcium, 
potassium, magnesium, iron, sodium, silicon, and chlorine, 
with, frequently, traces of manganese, iodine, and others. 
Of these, only the first six enter into the actual composition 
of the living substance of the plant. It is evident that all 
these elements found in the plant must enter it in the food- 
materials absorbed, i.e. the food-materials consist of, or 
contain, these elements. We have already indicated (p. 13) 
that the food-materials absorbed by a green plant are of the 
nature of simple inorganic compounds, and that they are 
taken in solution. 

All the carbon used by the plant in the processes of assimi- 
lation is derived from the carbon dioxide (C0 2 ) of the atmo- 
sphere, which is absorbed by the aerial green parts of the plant 
(chiefly leaves) in the presence of light. All the other elements 
are derived from the water and dissolved mineral substances 
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(“ salts ”) absorbed by the root in the process of root-absorp- 
tion. Dissolved carbon dioxide, or carbon taken in by the 
root in the form of carbonates, is not made use of in the 
anabolic processes. 

The necessary oxygen* and hydrogen are derived chiefly 
from water, partly from salts containing these elements. 
Nitrogen is absorbed chiefly in the form of nitrates (for 
exceptions see pp. 211-16) sulphur in sulphates, phosphorus 
in phosphates, chlorine in chlorides, silicon in silicates; iron, 
potassium, calcium, and magnesium form the metallic bases 
of these salts. If substances absorbed are made use of in 
metabolism, the absorption continues. The amount absorbed 
depends on the amount assimilated. 

It has been determined by experiment 
that, for most green plants, the essential 
elements , i.e. the elements absolutely neces- 
sary for healthy growth, are carbon, oxygen, 
hydrogen, nitrogen, sulphur, phosphorus, 
calcium, potassium, magnesium, and iron. 

The others are non-essential; or, at all 
events, are essential only for certain plants. 

That carbon is essential is shown by the 
fact that, while a green plant can be grown 
in a nutritive solution which contains no 
carbon, it cannot be grown in an atmo- 
sphere deprived of carbon dioxide. 

That the others are essential has been 
determined by the method of Water- 
Culture. A number of plants of the same 
species are grown in glass jars, their roots 
immersed in a nutrient solution of in- Kg* 120. A Plant 
organic salts (Fig. 120). It is found, with wrawl 

most plants, that there is healthy growth Roots in a Cul- 
only if the solution contains the elements tube-solution. 
mentioned in proper form and degree of 
concentration and in the correct relative proportions (physio- 
logical balance). Various unhealthy symptoms appear if one 

* Oxygen of respiration is absorbed by all parts of plants, see p. 201. 

I.BOT. 11 
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or more of them are absent. Thus, if iron is left out, there 
is no development of chlorophyll and the plants are said 
to be chlorotic. Nitrogen and sulphur are essential for the 
formation of new living protoplasm. Potassium and mag- 
nesium deficiency causes slow, weak growth, and low carbo- 
hydrate formation. Lack of calcium interferes with the 
activity of the chloroplasts and causes accumulation of starch 
in the leaves, while the latter go spotted and apparently 
diseased. The solution must be very dilute. 



a e c D 

Fig. 121. These Plants are all the same Age. 


A, Grown in full culture-solution ; li, without nitrogen ; 0, without calcium 
D, without potash, 

Exp. 5. — If seeds, seedlings, leaves, or other parts of plants be 
thoroughly dried, as explained in Exps. 3 and 4, the dry substance 
that is left consists largely of organic matter and is combustible. If 
this is thoroughly burned, by heating strongly, it chars, forming black 
carbon, which soon burns away as carbon dioxide, and a small quantity 
of ash is left behind. By careful weighing the amount of ash can be 
determined. It is generally about I to 3 per cent, of the total weight. 
It contains all the metallic elements found in the plant combined in 
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the form of phosphates, sulphates, carbonates, and chlorides. Silica 
is very abundant in the ash of grasses. The composition of the ash in 
different individuals of the same species varies according to the character 
of the soil. 

Exp. 6.— Heat a portion of a Bean-cotyledon, attached to a long 
needle, in the Bunsen flame until it chars. Rub the charred mass on 
white paper; it leaves a black mark of charcoal (carbon). Continue to 
heat the piece for some minutes and noto that it burns to ash. Pieces 
of wood, heated in a tube, are similarly reduced to charcoal, which, if 
burned, leaves an ash behind. 

Exp. 7. — Heat a few crushed seeds of Bean or Pea, mixed with 
soda-lime, in a test-tube. Ammonia will be given off, proving the 
presence of nitrogen in the seeds. 

Exp. 8. — Get some jars, each holding about a quart, for water-culture 
experiments. Make Sachs’ solution which consists of 2 grm. of 
potassium nitrate, 1 grm. each of sodium chloride, calcium sulphate, 
magnesium sulphate, and calcium phosphate, and a drop or two of iron 
chloride (or iron phosphate) to 2 litres of distilled water. Knop’s 
solution, which is perhaps better, consists of 2 grm. of calcium nitrate 
and 0*5 grm. each of potassium nitrate, magnesium sulphate, and 
potassium phosphate, with iron as before, in 4 or 5 lit. of water. The 
solution should be made up as required. 

Exp. 9. — Grow seedlings of Bean, Pea, Maize, Buckwheat, and other 
plants until the roots have grown a few inohes long, then fix each 
into a cork. The cork should have a hole in the centre for the plant, 
a slit somewhat narrower than the hole running to the edge of tho cork 
(so that the plant can be removed easily when necessary), and another 
hole |or a stick to tie the plant to. Take care to keep the cork, as well 
as the part of the plant which is in contact with it, quite dry; most 
failures in water-culture are due to “ damping off ” at this part (caused 
by fungi). If a stick is used to support the plant, there is no need for 
any packing material; in any case, do not use cotton- wool for this 
purpose, but soft asbestos which has first been heated and allowed to 
cool. 

Darken the roots by covering the jars with black cloth or paper; 
add distilled water each day to replace that lost by evaporation (using 
a funnel, and not lotting the cork get wet). Once a month take the 
plant out, wash its roots gently in a basin of water, pour out the culture 
solution, and let the plant remain with its roots in plain water for two 
days before placing it into fresh culture solution. 

Choose seedlings as nearly equal in size and general growth as possible, 
then place some in a complete solution, others in a solution from which 
one or other of the essential elements is wanting. To deprive the plant 
of potassium, use sodium nitrate instead of potassium nitrate, and 
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calcium phosphate instead of potassium phosphate. Deprive others of 
calcium by omitting the calcium nitrate; of phosphorus by omitting 
the potassium phosphate; of magnesium by using calcium sulphate in 
place of magnesium sulphate; of sulphur by using magnesium chloride 
instead of the sulphate; of nitrogen by using sodium chloride and calcium 
sulphate in place of calcium and potassium nitrates; of iron by omitting 
the iron salt (which should be added in all other cases). 

The culture solution should not be alkaline, or the roots suffer; if it 
turns red litmus to a blue colour, add acid (e.g. phosphoric acid) until it 
gives an acid reaction. The roots should be supplied with air; the 
simplest plan is to force air into the solution every day or two with a 
bicycle-pump or a condensing syringe. 

Exp. 10. — Compare the growth of seedlings (of the same kind of plant) 
which have been supplied with (1) distilled water; (2) tap water; (3) 
culture solutions (some complete, others with one element or other 
omitted in each case). If you grow the plants in washed sand instead 
of culture jars, water with (1), (2), or (3) daily. In either case, compare 
also with plants grown in good garden soil. After, say, six weeks dry 
thoroughly and weigh the seedlings, and compare their dry weights; 
then burn them and compare the ash weights. 

4. Soil. — Soils owe their origin to the crumbling or 
“ weathering ” of rocks by wind, 
rain, frost, rivers, and so on. This 
process gives rise to the gravel, 
sand, and clay; i.e. to the inorganic 
constituents of soil. In addition 
to these, most soils contain more 
or less decaying organic matter, or 
“ humus,” in the form of dfead 
leaves, etc. A rough mechanical 
analysis of any soil may be made 
by simply mixing about 100 grm. 
of the soil with 100 grm. of water 
into a paste, then adding another 
800 c.c. of water, shaking, and 
allowing to settle for about a 
minute. The soil separates out 
into the layers as shown in Fig. 
122. The stones and gravel sink 
to the bottom at once ; above these 
come the smaller particles of the sand, then the still smaller 









HUMUS 


CLAY IN 
SUSPENSION 


Fig. 122. Rouuh Mechani- 
cal Analysis of Soil. 
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clay-particles; while the smallest of the clay-particles remain 
suspended in the water, making it turbid or cloudy. This 
cloudiness never properly disappears on standing, because the 
clay-particles form a col- 


loidal sol with the water. 
The greyish-black vegetable 
humus floats on the top. 

There is still, however, 
one constituent of the soil 
that we have not demon- 
strated — the only constitu- 
ent that plant roots can 
absorb — namely the mineral 
salts dissolved in the soil- 
water. So the whole liquid 
is filtered, as shown in Fig. 
123 (a Buchner suction- 
filter does the work more 



quickly), and evaporated Fig. 123. Filtering the 
carefully to dryness in an Soil-water. 

evaporating-basin. 

At the finish, we get left in the basin a very small quantity 
of white, or greyish-white, mineral salts. We tried to copy 



Fig. 124. Folding the Filter-paper. 


this mixture of mineral salts artificially when we made up 
what we called our “ culture-solution.” The salts are mainly 
nitrates, chlorides, sulphates, and phosphates of potassium, 
calcium, magnesium, and iron. 
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Now since all these mineral salts are soluble in water, how 
is it they have not all been washed out of the soil by this time, 
and drained off, ultimately, to the sea ? Well, the fact is, 
that mineral salts to the value of many thousands of pounds 
are known to be lost to this country every year, in this way. 
Fortunately, however, the following factors tend to oppose 
the removal of mineral salts from the soil in this way:— - 
(1) Adsorption. — Both the clay and the humus are largely 
in the colloidal state, and, as we have already seen, colloidal 
particles have a very large free surface 
energy, and can attract and hold 
(adsorb) molecules of mineral salts. 
This phenomenon is simply illustrated 
if we pour some water just smelling 
of ammonia through clay loosely 
packed in a glass funnel; the water 
that drains through has lost all smell 
of ammonia (Fig. 125). 

Similarly, it may be shown that 
clay or soil retains ammonium and 
potassium salts, phosphates, and, to 
a less extent, nitrates ; while it retains 
hardly any chlorides or sulphates. 

(2) Humus. — The dead leaves and 
general plant refuse which constitute 
humus are gradually rotted away by bacterial action, and 
broken down ultimately into the simple mineral salts. This 
provides a gradual supply of these salts, which gives the roots 
of plants a chance to absorb them once again from the soil. 
This recurring cycle of changes is called the “Nitrogen-cycle” 
(see § 6). 

(3) Fixation of Atmospheric Nitrogen. — Lightning-flashes 
cause some combination between the oxygen and the nitrogen 
of the atmosphere, with ultimate production of nitrates. 
About a pound in weight of nitrates is thus, according to one 
estimate, rained on an acre of soil in a year. Again, the 
bacteria that live in the root-nodules of leguminosae have the 
power of fixing atmospheric nitrogen. In both these cases it 
means, of course, that the invisible gas, nitrogen, which 



Fig. 125. Illustrating 
the Retention op 
Ammonia by Clay. 
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constitutes four-fifths of our atmosphere, is made to combine 
with oxygen and other elements to give a solid or liquid 
nitrogen-containing substance. Under no circumstances, 
so far as we know, can any ordinary green plant make use 
of nitrogen until the latter is in the combined form in the soil, 
absorbable by the roots. So that a crop grown on ground 
deficient in nitrates will fail and die, although stems, leaves, 
and roots are bathed in unlimited quantities of the very 
element the lack of which causes their death. 



Fig. 126 . Root-hairs Growing in between Particles of Soil 
(black); Water-films dotted; Plasmatic Membrane Shaded. 

Soil Water. — When any excess of water in the soil has been 
drained off, a certain amount of water remains in the form of 
fine water-films surrounding the soil-particles as shown in 
Fig. 126. Since the*amount of this adherent water is practi- 
cally proportional to the total surface holding it, it follows 
that, in a coarse, sandy soil, with large grains and therefore 
small surface, little water will be held; in proportion as we 
break up the grains, thus increasing their surface and giving 
a fine clayey soil, so do we increase the amount of water 
held. Colloidal substances, such as humus, tend specially to 
hold water in the soil. 

Not all this water, however, is available to the root-hairs 
of the plant. There comes a time when, either by root- 
absorption of the water by plants, or by drying up at the 
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soil-surface, the water-films round the soil -particles are so 
thin that their adhesion to the particles is as great as their 
diffusion-tension into the roots, and the plant can absorb no 
more water. At a stage somewhat before this, the plant will 
evidently reach the limiting value of its wilting-coefficient, 
i.e. it will be unable to balance its loss of water- vapour by 
transpiration at the leaves against its intake of water at the 
roots, and it will begin to wilt and die. Even when a sample 
of soil is apparently bone-dry and powdery, it still holds some 
water which it will not lose by ordinary drying-up, but which 
can be driven off in an air-oven at 100° C. The amount of 
this water by weight for sand is only about *3 per cent., for 
clay about 10 per cent., and for humus about 15 per cent.; 
but then it must be remembered that the total capacity of 
sand for water is 15 per cent., clay 50 per cent., and humus 
at least 75 per cent. 

Soil Air. — The air-content of any soil may be easily deter- 
mined by simply pouring water from a measuring-cylinder 
into the soil, until the latter is waterlogged, i.e. all the air in 
it has been displaced by the known volume of water added. 
Since the processes going on in the soil consist largely of 
oxidation, soil-air is poorer in oxygen and richer in carbon 
dioxide than atmospheric air. A good deal of oxygen diffuses 
into the soil, while more is carried in by rain. 

Sandy Soils are called “ light ” because they are easy to work; they 
are more porous, warmer, and drier than clay soils. A pure sand 
contains little but insoluble silica in the form of quartz -grains; hence 
it acts only as a sterile medium, though when watered with dilute 
nutrient solutions many plants are able to grow, well in it. 

* Clay Soils are said to be “ cold ” because they contain more water 
than sandy soils, and therefore lose heat more rapidly by evaporation ; 
but all good soils contain more or less clay, which is richer in plant food 
than any other part of the soil. In drying, clay tends to form a hard 
compact mass impenetrable by the roots of plants. The presence of 
clay increases the power of retaining water, which is very deficient in 
sand, but this makes it difficult for a plant growing in a clayey soil to 
absorb enough water unless the soil contains a large amount; in the 
latter case, the soil is badly aerated and hence, for lack of oxygen, the 
roots are unable to develop to any great extent or to penetrate deeply. 
Clay is also of great service to plants by fixing various substances 
essential for plant food, that is, by combining with these substances and 
preventing them from being too easily washed out of the soil by rain-water. 
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Calcareous matter supplies plant food in the form of lime, magnesia 
and phosphoric acid. It improves the texture of clay soils by making 
them friable and easily worked. It also acts as a base with which acids, 
formed by decay of organic matter, can unite and thus be made harm- 
less; if such basic material is absent the soil becomes “ sour ” through 
the accumulation of organic acids. Even more important is the part 
it plays in the process by which certain bacteria convert into nitric acid 
the nitrogen present in organic matter or ammonia compounds; this 
process (nitrification — see § 6) occurs only in a weak alkaline solution 
and the nitric acid unites with the lime. 

Humus, the decaying organic matter of the soil, is of great importance 
both from its physical and chemical properties. It is a light, bulky, 
dark-coloured substance, with a great capacity for holding water. The 
presence of humus gives the soil a loose, open texture, and makes it able 
to absorb and retain water. In woods humus often accumulates to a 
considerable depth, but in ordinary soils it is only present to a depth 
of about a yard, and this part of the soil has a looser texture and darker 
colour than the underlying subsoil, which contains no humus. Humus 
contains from 4 to 9 per cent, of nitrogen, far more than is present in 
the vegetable matter from which the humus is produced. The conver- 
sion of vegetable matter into liumus is helped by bacteria, moulds, 
earthworms, caterpillars, etc. 

Exp. 11 . — To compare the absorption of water by different soils , take 
100 grm. of gravel, sand, rich loam (good garden or field soil), leaf 
mould, and dry, powdered leaves, and put each sample into a wide 
tube — e.g. a lamp chimney — closed at the lower end by a bored cork; 
a. glass funnel will do instead. Hold each tube or funnel in turn over a 
tumbler, and pour into it a litre of water; then measure the water that 
runs out at the bottom in each case. Which sample absorbs and retains 
most water and therefore allows least water to run through ? In an 
experiment like this the weight in grm. of the water absorbed by 100 grm. 
of each dry sample was: gravel, 6; sand, 30; barren sandy soil, 35; 
rich loam, 70; leaf-mould, 220; leaves, 500. These results show clearly 
that the water-absorbing capacity of soils is greatly increased by the 
presence of vegetable matter. 

5. Osmosis and Osmotic Pressure. — How do the roots of 
plants absorb water ? Roots have no obvious holes in them, 
and the process was formerly regarded vaguely as a kind of 
soaking of the water into the roots. The discovery of 
osmosis explained not only the absorption of water by roots, 
but also the slow diffusion of fluids from cell to cell in a plant. 

By the term osmosis we mean the passage of water through 
a membrane from a weaker solution to a stronger one. Thus, 
if we half fill a pig’s bladder (see Fig. 127) with golden syrup 
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or strong sugar solution, tie up the neck without including air, 
and suspend the bladder in water, we can watch the bladder 
slowly filling with water, until at last, after some hours, it is 
tightly stretched, or turgid, i.e . full under pressure, and this 
pressure is osmotic pressure. The latter may be roughly 
measured by the rise of mercury in a tube as in Fig. 129. 
If, before the osmotic pressure bursts the bladder, we take 
it out of the water, and suspend it in syrup or brine, it will 
lose water and go flabby again. This is called exosmosis 
or plasmolysis. The opposite process, i.e. that of absorbing 

water, is called endosmosis. We can get a very good con- 

ception of how osmosis works 
if we imagine a minute 
“window” of the bladder 
magnified up far beyond the 
power of any microscope, 

and take the case when we 
have both sugar and water 
molecules inside the bladder, 
and just water molecules 

outside (see Fig. 128). 

Since all the molecules are 
moving rapidly in all direc- 
tions, it is clear that the 
sugar molecules at A, being 
too big to get out them- 
selves, will also stop the 
water molecules which are 
shown by arrows approach- 
ing them, and which would have got out had not the sugar 
molecules been in the way. The water molecule at B, how- 
ever, will shoot straight through the hole it is approaching, 
perhaps guided to a certain extent by the attraction of the 
relatively large sugar molecule, and both will then remain 
inside the bladder. This means, of course, that many more 
water molecules will enter the bladder than will leave it in a 
given time, and we have the phenomenon of endosmosis. 
The simple rule to remember is that water passes through an 
osmotic membrane from a weaker solution to a stronger one. 



Fig. 127. Pig’s Bladder Model 
of a Cell Absorbing Water 
by Endosmosis. 
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In the figure, the membrane shown would be a perfect 
semi-permeable membrane, i.e. it would allow water molecules 
to pass through it, but not sugar molecules. In practice, this 
is never attained, because the membrane always has some 
holes in it bigger than others, which allow the molecules of 
solute to pass as well. If we repeat the experiment with brine 
in the bladder instead of syrup, the osmotic pressure reaches 
a maximum and then steadily falls again, while the water 
outside the bladder gets more and more salt. Even the 

INSIDE THE BLADDER 



OUTSIDE THE BLADDER 

Fig. 128 . Illustrating how Endosmosis Works. 

living protoplasm lining cells will allow solute molecules to 
pass in under certain conditions, as in the intake by roots of 
mineral salts in solution in soil-water, but in this case the 
simple explanation above is probably complicated by adsorp- 
tion of certain solutes by the plasmatic gel membrane, and 
by the chemical attractions of the protein molecules in the 
membrane. 

It is interesting to note that Osmotic Pressure, unlike osmosis, acts 
independently of the presence of any membrane. When we dissolve a 
lump of sugar in a cup of tea, we know that the sugar sweetens the whole 
cupful; that is, the sugar has expanded to occupy the whole volume of 
the tea. The solute (sugar) molecules have been released from each 
other’s sphere of attraction by the solvent (tea) molecules, and have 
flown apart, so that the sugar is now in a state in many ways resembling 
that of a gas; it tends to spread out into all the fluid presented to it, 
and it exerts on that fluid a pressure of one atmosphere for every 
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gramme-molecular weight of non -electrolyte solute in 22*4 lit. of solvent. 
This “ osmotic ” pressure lowers the freezing-point of the solvent — a fact 
of great importance to plants growing in cold regions. 

The function of the semi-permeable membrane in our osmosis experi- 
ments was to bound the sugar solution, and so demonstrate endosmosia 
and exosmosis. The membrane is to be regarded as the instrument with 
which we express the amount of the osmotic pressure in terms of the 
height of a column of water, or the turgidity of a cell; and the “ holes ” 
postulated in the membrane are more correctly paths in between the 
spheres of action of the molecules or particles composing the membrane, 
since no two molecules ever actually touch. 

Exp. 12. — 1 ^lace some dry raisins in water and observe that they 
swell up just as dry seeds do. On the other hand, fresh grapes placed 
in a strong solution of sugar shrink. Both effects are due to osmosis. 

Exp. 13 . — Cover the mouth of a thistle-funnel with parchment or 
pig’s bladder, and tie it on tightly. Invert the 
funnel, and with a pipette add sugar solution till it 
reaches a short distance in the tube of the funnel. 
Mark the level with a strip of gummed paper; then 
pass the tube of the funnel through a hole in a cork 
and support the cork so that the head of the funnel 
dips into a dish of distilled water. Observe the rise 
of the liquid in the tube of the funnel; also show 
that a little of the sugar solution diffuses into the 
water, by evaporating the liquid in the dish to dry- 
ness, when a small residue of sugar will remain. 
If the sugar solution used is strong enough, the 
presence of sugar in the water outside the thistle- 
funnel may be detected by tasting. 

Some idea of osmotic pressure may be obtained 
by using apparatus fitted up on the same lines as 
that shown in Fig. 129, the pressure being measured 
by the rise of the mercury in the bent tube. 

Exp. 14. — Cut sections of a piece of fresh beet- 
root; mount sections separately in (1) water; (2) 
salt solution, 3 to 5 per cent.; (3) alcohol. In (1) 
notice the layer of protoplasm (“ primordial utricle ”) 
lining the cell-wall, and the red sap filling the cavity 
(vacuole) of the cell; some of the cells will be cut 
open, allowing the sap to escape. In (2) notice 
that the primordial utricle contracts from the cell- 
wall, but still contains the red sap. The salt solution 
can pass through the cell-wall, and, having a greater 
attraction for water than the osmotically active substances in tho cell 
sap, withdraws water from the vacuole. The protoplasm allows water 



Fig. 129. Appa- 
ratus EOR DE- 
MONSTRATING 

Osmotic Pres- 
sure. 
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to escape, but not the osmotieally active substances. This condition is 
known as plasmolysis. The cells can be restored to the normal con- 
dition by adding water. In (3) notice that the red sap diffuses out of 
the cells, which have been killed by the alcohol. 

In plant cells, the cellulose wall is not an osmotic membrane, 
i.e. it allows all dissolved substances to pass. It is not a 
colloidal gel membrane. On the other hand, pig’s bladder, 
vegetable parchment, and living protoplasmic layers are gel 
membranes, and form more or less perfect semi -permeable 
membranes. Hence, if water is withdrawn from a cell, either 


nitrate solution that 

HAS ENTERED CELL 



A, in water ; B, in 4 w / 0 Potassium Nitrate solution ; C, in 6°/ n ; D, in S°/ 0 . 


by drying up or by immersion in a strong solution, the proto- 
plasm shrinks away from the cellulose wall, as in Fig. 130. 

In this experiment the cell in water is obviously somewhat 
enlarged or distended, while that in 4 per cent, potassium 
nitrate solution is neither swollen nor plasmolysed as in C 
and D ; hence the osmotic pressure of the cell-sap in this case 
is that of a 4 per cent, potassium nitrate solution, ix. 14 
atmospheres. (It is convenient to remember that the osmotic 
pressure of a 1 per cent, solution of potassium nitrate is 3J 
atmospheres.) 

The osmotic pressures exerted by solutions of non-electro- 
lytes is proportional to the number of molecules of solute per 
volume of solution; hence, while the osmotic pressure of a 
I per cent, solution of cane sugar is *69 atmospheres, that of 
grape sugar is 1*25 atmospheres, ix. nearly double, since its 
molecular weight is just over half. 
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The cell A, in water, is stiff or turgid; the protoplasmic 
membrane and the cellulose cell- wall corresponding roughly 
to the inner tube and the outer covering of an inflated 
bicycle tyre. Turgidity is of great importance in imparting 
mechanical rigidity to young parts of plants with as yet 
little strengthening tissue. 

6. Boot" Absorption. — The root-hairs are the absorbing 
organs. There is very little absorption by the surface of the 
root itself. The hairs come into close contact with soil- 
particles, each of which is surrounded with a film of soil- 
water, i.e. a very weak solution of mineral salts. Inside the 
hairs is the cell-sap, a comparatively strong solution of sugars, 
organic acids, etc. The cellulose wall of the root-hair is lined 
inside with the layer of living protoplasm, which forms a gel 
membrane against the inside of the cellulose wall, and it is 
this gel membrane which effects and controls the intake of 
soil-water. 

Exp. 15 . — Make a rough model of a root-hair out of a long potato- 
tuber. Cut off one end of the tuber so that it will stand upright, and 
with a knife scoop out the middle part, leaving on the outside a layer 
about a quarter of an inch thick. Half fill the tuber with salt solution 
or sugar solution (about 5 per cent, in each case), coloured with red ink, 
and stand it in a dish of water, the level of which should not exceed 
that of the salt or sugar solution inside the tuber. From day to day 
observe the rise of the coloured solution, showing that water has been 
absorbed from outside. 

The presence of free oxygen and a suitable temperature are 
essential conditions of root-absorption, which, increases with 
rise of temperature. From what has been said it will also be 
understood that the presence of dissolved salts in large amount 
in soil-water hinders absorption by the root; this is exactly 
what the root has to endure in salt marshes and peat-bogs. 

Only substances in solution can be absorbed by the root- 
hairs. Substances insoluble in pure water and required by 
plants are brought into solution during various chemical 
processes which take place in the soil. Thus water containing 
carbon dioxide, which is always present in the soil, and is 
given out by the roots during respiration, can dissolve 
carbonate of lime and various silicates. 
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Important changes take place in the insoluble organic 
matter in the soil. The carbon in the organic matter is 
continually undergoing oxidation, mostly by bacterial action, 
carbon dioxide and organic acids being produced, and heat 
given ofi; while, under the action of various moulds and 


Protoplasm of Living Green Plant 


either 

I 

eaten by an animal 

I 

Dead Animal or Faeces, putre- 
fied anaerobically by bacteria, 
spirilla, etc., into amino-acids 

and finally into > 


Fig. 131. 
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The Nitrogen Cycle. 


bacteria, the nitrogen of the protein substance is converted 
into ammonia, which largely unites with the carbon dioxide, 
forming ammonium carbonate, which is oxidised into nitrites, 
and finally into nitrates. This is the process of nitiificatioii, 
and gives us the so-called nitrogen cycle, which runs as shown 
in Fig. 131. 
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Recent research indicates that there are also in the soil 
various free-living bacteria (e.g. Azotobacter) which have the 
power of using the free nitrogen of the air, and “ fixing ” it 
into combined form, though not as nitrates. Roth these 
bacteria and those that live symbiotically in the root-nodules 
of Leguminosae produce organic nitrogenous compounds. In 
the first case, these compounds are ultimately decomposed by 
the nitrogen-cycle bacteria into nitrates, so it comes to the 
same thing in the end. 

Exp. 16. — Grow seedlings with their roots resting on blue litmus 
paper, or dipping into blue litmus solution, and notice the change of 
colour due to the excretion of carbon dioxide by the roots and root-hairs. 

Exp. 17. — Grow seedlings in a layer of sawdust or soil resting on a 
slab of polished marble. After a week or two remove the latter and 
examine its surface carefully for the tracks eaten into it by the roots. 

7. Selective Absorption by Roots. — Different plants growing 
in the same soil absorb dissolved substances in very different 
proportions. This has been determined by numerous analyses 
of the ash of plants, and it can also be proved by water-culture 
experiments. This apparent selective power of plants is due 
to the fact that different plants have different needs. Any 
diffusible substance in solution can be absorbed by the root- 
hairs; but its continued absorption depends on its being 
assimilated, or entering into the processes of metabolism. 
Cereals (Wheat, Rye, etc.) take from the soil less than half as 
much nitrogen, lime, and potash as “ root-crops ” (Turnip, 
Beet, Potato), but much more silica. The “ rotation of 
crops ” in farming is based on this. In this way, before any 
crop is grown again on the same ground, the special substances 
required by the crop have time to accumulate. 

8. Course of Absorbed Solutions. — The absorbed solutions 
pass by osmosis from the root-hairs into the cells of the cortical 
tissue of the root. The cortical cells become extremely turgid. 
The solutions to a certain extent diffuse by osmosis through, 
the parenchymatous tissue of the plant, but the greater part 
passes into the xylem tissue of the root, and is given off to 
the parenchyma at a higher level. 
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The passage into the xylem tissue is not effected by a process 
of osmosis, for at first the xylem elements (vessels) are empty, 
so that an essential condition of osmosis is wanting. It is 
brought about simply by the hydrostatic pressure set up as 
explained in the surrounding cortical tissue. It is probable 
that, when the limit of turgidity is reached (i.e. when the 
pressure exceeds a certain point), a molecular change takes 
place in the protoplasm, and the watery solutions are expelled, 
owing to the collapse of the cell, with considerable force. In 
this way the solutions, following the course of least resistance, 
arc forced into the wood vessels. They pass up through the 
xylem of root and stem, and out into the xylem of the leaf- 
veins. There they finally diffuse into the mesophyll tissue 
of the leaf, where elaboration chiefly takes place. 

Formerly it was thought that the solutions passed upwards 
through the walls only of the wood elements; it is now known 
that they also pass through the cavities, and at certain periods 
the vessels contain abundance of water. The water probably 
forms short columns with intervening bubbles of air, the 
columns, however, being connected by films along the wall of 
the vessel. 

The current of water with dissolved salts passing upwards 
from root to leaves is called the transpiration current. It 
conveys food-materials to the leaves for elaboration, and 
makes good the loss of water due to transpiration. 

Exp. 18. — Fix a seedling with its root dipping into red ink (colouring- 
matter in solution ), and after a time (try several seedlings, and give them 
different lengths of time) cut across the root, to see how far upwards 
the colour has spread, and in what part of the root it travels. Also cut 
across the stems of seedlings that have been in red ink for a day or two, 
and notice the red-stained bundles: how does the liquid travel in the 
leaves ? 

Exp. 19 . — ‘Get any loaves with broad, thin blades and fairly long 
stalks — e.g. Lesser Celandine, Garden Geranium. Place them in bottles 
of red ink, with the cut lower end of the stalk dipping into the ink, 
and notice the colouration of the veins. Cut a Grass shoot above the 
creeping stem, and try the same experiment, noticing the arrangement 
of the veins, as indicated by the red lines which appear in the leaves in 
a day or two. 

I. BOT. 12 
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9. Root Pressure. — We have explained that a considerable 
pressure is set up in the cells of the cortical parenchyma of 
the root; and that when the cells collapse the water is forced 
into the wood elements. After collapse the cells recover their 
condition of turgidity and again collapse. In this way we 
can imagine that a rhythmical pumping of water into the 
wood elements is going on. 

Now this pressure which exists in the root, and which we 
may regard as a force driving the water into the wood elements, 
and upwards, is called root-pressure. In some plants it is very 
marked, especially in spring. Thus, if the stem of a vigorous 
young Vine be cut in spring about a foot from the ground, 
there is an abundant exudation of watery sap from the vessels 
at the cut surface. This phenomenon is called “ bleeding” 
and its manifestation continues for a considerable time. Root- 
pressure can, however, be demonstrated in most plants, under 
suitable conditions, while active growth is going on, and there 
is sufficient water in the soil. 

Depending, as it does, on root-absorption, root-pressure is 
affected by various external conditions, such as temperature, 
etc., which influence that process. Rut it does not follow that, 
when root-absorption is active, there will be a high root- 
pressure, for the magnitude of the pressure depends also on the 
amount of transpiration. As a matter of fact, during a hot 
day, when transpiration is active, the amount of water 
absorbed by the root is usually not sufficient to make good 
the loss from the transpiring surface, and there is not merely 
no pressure in the vessels, but even a negative pressure, i.e. if 
the stem of the plant were cut across, the stump would absorb 
water applied to the cut surface instead of giving it out, 

On the other hand, after a very hot day, root-absorption 
continues active during the night, owing to the temperature 
of the soil, while transpiration is much reduced. Under these 
conditions root-pressure may be sufficient to force drops of 
water out of the leaves, and thus get rid of the excess absorbed. 
This is the explanation of the drops of water seen in the early 
morning on the leaves of Saxifrages, Grasses, Garden Nastur- 
tium, Lady's Mantle, and other plants (see hydathodes, pp. 
57 and 62). The water escapes through ordinary stomata, 
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through water-stomata, or through the epidermis. A similar 
exudation of water may be artificially induced by forcing 
water under pressure into a leafy branch. 


Exp. 20. — Cut off the stem of a vigorous Bean seedling close to the 
ground, and connect the stump, by means of rubber tubing, to a long, 
straight piece of glass tubing; lash this tube to a stick placed in the soil’ 
pour a little water into it, then a drop of oil, which will lloat on the water 
and prevent evaporation. Measure the ascent of the water in the tube, 
and find how tho rato is affected by temperature. 




Fig. 133. Mode of demon- 
strating the Excretion 
of Fluid Water from 
Leaves. 


Exp. 21. — To measure the force exerted in root-pressure, an apparatus 
like that shown in Fig. 132 may be used. S is a doubly bent (S-shaped) 
glass tube attached by rubber tubing to the cut stem; it is filled with 
mercury to the level ss } and there is water between the mercury and 
the stem. Boot-pressure forces water into the tube and displaces the 
mercury to the levels rr. The force of root -pressure is measured by the 
difference of level. 
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Exp. 22. — Fix a branch of Fuchsia or other suitable plant in the short 
limb of a U-tube (containing water), as shown in Fig. 133, and make the 
connection air-tight by means of rubber tubing. By pouring mercury 
(Hg) into the long arm of the tube the water in the short arm is forced 
under pressure into the stem and exudes in drops from the glands on 
the leaves. The apparatus should be covered with a bell-jar over water. 

10. Transpiration. — A large amount of the water absorbed 
by the roots, and carried to the aerial parts by the trans- 
piration-current, is given off from the aerial surface in the form 
of water-vapour. This process is known as transpiration. 
The water vapour collects in the intercellular spaces of the 
parenchymatous ground-tissue, and passes off through the 
epidermis, and especially through the stomata. Very little 
is given off from the general epidermal surface if the cuticle 
is at all well developed. The process, however, is not simply 
one of evaporation. It is regulated by the vital activity of 
the plant. That this is so is evident from the fact that usually 
more water is evaporated from the surface of a dead leaf than 
from that of a living leaf. We must remember also that the 
stomata can regulate the amount of transpiration (see p. 181). 

Transpiration varies according to external conditions. It is 
more active when the air is dry and hot than when it is moist 
and cold. This is not merely due to the fact that a hot dry 
atmosphere is favourable to evaporation, but also because it 
increases root-absorption. 

Transpiration is greater in bright sunlight, because the 
latter increases assimilation and promotes osmotic activity. 
There is a rush of water to the assimilating cells. With this 
is correlated the opening of the stomata. The guard-cells 
always contain chioroplasts, and we now have an explanation 
of this. The guard-cells become turgid when there is increased 
assimilation, owing to osmotic activity. When the guard-cells 
become turgid , the stoma opens ; when they collapse, it closes. 
The reason of this is found in the peculiar arrangement of 
thickening on the walls of the guard-cells (p. 181). The 
thickening is such that the cells can expand only in a particular 
direction. When turgid they bulge away from each other, 
becoming more convex on the side away from the pore, concave , 
pr less convex towards the pore as shown in Fig. 134, 
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Fig. 134. A, Surface View of Two Epidermal Cells, EE. 
G, Two Guard-Cells and a Stoma, from an Iris Leaf. 


B, Section through the Vertical Plane XX. 

Note chloroplasfcs in guard-cells. 

C, The Two Guard-cells in B, further enlarged, to show their 

Action. 


Dotted outlines represent the “ closed ” position, heavy blackoutlines the 
“open.” Nu, nucleus of guard-cell; Chi., chloroplasts ; C.W., heavy thick 
cellulose cell-wall, cutinised on the surface. The cell-wall is dotted, while 
protoplasm, etc., is shaded, for “closed” position only. Intake of water into 
the guard-cells bulges out the comparatively thin walls DC into the position 
DC', thereby automatically pulling the points B into the position B\ and 
opening the stoma. 

This, however, is not the whole story, as the guard-coils are really three- 
dimensional objects, and we have hitherto been thinking only in terms of 
the plane of the section 0. If we look down on the surface of a stoma as in 
Fig. A, we find that, in most cases, besides the “ pulling-apart” effect already 
mentioned, the guard-cells become slightly more curved on distension, and 
this opens the stoma. This is really the same general action as before, but 
conceived in terms of the “solid ” rather than of the “plane.” 
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The stomata close if transpiration is too active, or if there 
is a deficient supply oi water; they open in moist air, and 
other conditions where increased transpiration would be 
beneficial. 

In transpiration plants get rid of the excess of watei absorbed 
by the roots. Transpiration also acts as a force tending to 
cause the ascent of water from the roots to the leaves. 
Further, it is probable that transpiration discharges an 
important function by keeping plants cool, more especially 
those exposed to direct sunlight. 

Exp. 23. — Observe that a leaf plucked from a plant soon becomes 
dry and withered, and that whenever plants are grown under a bell- 
jar water collects on the glass. 


Exp. 24. — Cut a leafy shoot, such as Willow, to the required length, 

preferably doing the cutting 



Fig. 135. Simple Potometek (after 
Farmer). 


under water, to exclude air. 
Fix it in the potoraeter 
shown in Fig. 135, which 
consists of a glass jam-pot, 
with three holes in the cork, 
through which go, respec- 
tively, the branch, a drop- 
ping funnel, and a bent 
glass tube. The cork can 
be made air-tight with 
candle-wax and a warm 
penknife-blade. 

Leave the potometor for 
half an hour to take up 
room temperature and then 
let the plant suck a bubble 
of air into the vertical tube 
at C, by removing the small 
jar of water for a few 
minutes. Then the rate 


at which the air- bubble, at 
B is sucked towards A is a measure of the rate of transpiration of the 
leafy shoot. When the bubble gets to A, open the tap of the dropping- 
funnel, when it will move back to C again. 

In this way we can show that the rate of transpiration is increased 
by sunshine, warmth, and draughts ; while a damp atmosphere hinders it, 
and smearing the leaves with vaseline stops it. 

The Ganong’s Potometer may be bought ready-made from Messrs. 
Bausch & Lomb, and is shown in Fig. 136, 
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Exp. 25."— By the aid of a simple piece of apparatus (Fig. 137) and a 
weighing balance, the amount of water lost by a leafy stem can be 
determined, and at the same time it can be proved that the amount 
transpired is approximately the same as that absorbed by the roots. A 
plant is fixed by means of an air-tight indiarubber cork in a bottle filled 
with water. As water evaporates from the leaves and is absorbed by 
the roots, the level of the water in the graduated tube falls. This gives 
the amount absorbed by the roots, and on weighing the apparatus it 
will be found to correspond to the total amount lost by evaporation 
from the leaves and stem . Each of the larger divisions on the graduated 
tube corresponds to a cubic centimetre of water, so that when the roots 
have absorbed that amount the entire apparatus will have lost about 
1 grm. in weight. 





Fig. 136. Ganong’s Potometer. 


Fig. 137. Apparatus 

FOR ESTIMATING THE 

Absorption of Water 
by the Boots, and 
the Loss by Evapor- 
ation from the 
Leaves. 


Exp. 26.— Get a plant growing in a flower-pot; any plant with thin 
(not leathery) leaves will answer. Cover the soil with an indiarubber 
sheet to prevent evaporation, and balance the pot on a pair of scales. 
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Observe the loss of weight by transpiration. Water the soil daily or 
every two days, replacing the indiarubber sheet each time, and ascertain 
whether the loss of weight differs on bright and on dull days, in light 
and in darkness. 

Exp. 27. — Cut threo healthy leaves of Indiarubber Plant or of 
Rhododendron. Attach a small piece of fine rubber tubing to the 
Btalk of each; fold the rubber back and tie it tightly to prevent evapora- 
tion. Cover the lower surface of one leaf ( a ), and the upper surface of 
the second (6), with vaseline; leave the third (c) untouched. Tie a piece 
of wire or string to each leaf, and weigh them carefully. Hang them 
up near each other and weigh them each day. After several days the 
leaf whose stomata are blocked (a) will be still green and fresh, while 
the others will be more or less withered. 

Exp. 28 . — Soak some filter papers in a 5 per cent, solution of cobalt 
chloride. Dry them and observe that they turn blue. Breathe on one 
of them and notice the change of colour. These cobalt papers afford a 
delicate test for water-vapour. Place a thin leaf between two of them, 
and keep them flat, by placing them between two pieces of glass. Notice 
■which surface of the leaf gives off most water-vapour, as shown by the 
change of colour. 

Exp. 29. — Strip off a piece of the lower epidermis of a leaf of Bean or 
Narcissus, mount in water and examine with the microscope. Find 
an open stoma with the high power; put a drop of 3 per cent, salt 
solution at one side of the cover glass .aml draw it through with blotting- 
paper. The salt solution draws water out of the guard -cells and the 
stoma closes. If water is now drawn through in the same way, the 
guard-cells absorb it and swell up, and the stoma opens. 

11. Causes of the Ascent of Water. — The elucidation of the causes of 
the ascent of water in tall trees in opposition to the action of gravity 
has been, and still is, one of the problems of botanical physiology. It 
cannot even yet be said that they have been definitely or fully deter- 
mined. 

The first theories were vitalistic, vaguely ascribing the ascent to the 
vital activity of the living protoplasmic substance. These, by them- 
selves, were little more than a confession of ignorance. Various physical 
causes have since then come under discussion, such as root-pressure, 
transpiration, capillarity in the wood-vessels, the varying pressure of 
the gases contained in the wood-elements, and so on. 

The importance of most of these has been discounted for physical 
and other reasons. Thus it has been shown, in the case of root-pressure 
(p. 178), that when transpiration is active there may be a negative 
pressure in the wood-vessels, and that poisonous solutions, i.e. solutions 
which would kill the living protoplasm, can be absorbed and ascend 
through the xylem, although, as has been explained, the vital activity 
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of the protoplasm probably plays an important part in connection with 
root-pressure. Transpiration, however, is generally regarded as a 
factor having an important influence on the ascent of water. It causes 
a great diminution of pressure in the upper parts of trees, and the 
pressure is equalised by the upward passage of water from the lower 
parts. Thus transpiration might be loosely regarded as a force sucking 
up the water from below. 

Exp. 30. — The sucking force exerted by the leaves can be demon- 
strated by attaching a leafy branch, cut under water, to a tube filled 
with water and dipping into a coloured solution. It will be found that 
the solution ascends the tube even when the latter is many feet in 
length. 

12. Photosynthesis (Carbon- Assimilation). — Carbon dioxide 
is absorbed by the plant over its green aerial surface — chiefly 
the leaves — in the presence of light. It passes into the inter- 
cellular spaces by means of the stomata and diffuses from the 
intercellular spaces into the parenchymatous cells— -the 
mesophyll cells in the case of leaves. It should be noticed 
that it passes through the walls, not as a gas, but in solution. 
It is dissolved in the water which permeates the walls of the 
cells. In the interior of these cells chemical processes, leading 
to the elaboration of organic compounds, take place. 

This elaboration, of the details of which little is known 
with certainty, goes on chiefly in the mesophyll cells of foliage 
leaves, although also to some extent in green herbaceous 
stems. Under the influence of chlorophyll and light the 
water (H 2 0) and the carbon dioxide (C0 2 ) are built up into 
carbohydrates. The first compound formed is probably 
formic aldehyde (CH 2 0), and oxygen (0 2 ), is given off in the 
process. This may be represented according to the equation — 

C0 2 + H 2 0 - CH a O + 0 2 , 

although it is very doubtful if this can be regarded as a true 
representation. 

From the formic aldehyde soluble carbohydrates of the 
nature of sugars may be formed by a process of compounding 
(polymerisation). Thus we may imagine the formation of 
grape-sugar (C 6 H 12 0 6 ), which is probably the first sugar 
formed: — 

6CH 2 0 - C 6 H 12 0 6 . 
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Some recent chemical experiments, however, seem to show 
that, in some plants, cane-sugar (C 12 H 22 O n ) may be the first 
sugar formed. The presence of formaldehyde in any quantity 
in leaves has not been demonstrated. The explanation 
given is that it is polymerised into sugars as rapidly as it 
is formed. 

Thus, in carbon-assimilation, carbon dioxide is taken into 
the plant and, along with water, undergoes a chemical change ; 
an equivalent volume of oxygen, approximately, is given off, 
and the carbon made use of in the elaboration of organic 
substances of the nature of carbohydrates. 

The surplus amount of sugar formed in the leaves is stored 
up as starch in the chloroplasts (p. 34). The rest is trans- 
ferred from the seat of formation to other parts of the plant 
and made use of in ways to be described presently. 

Formerly it was thought that the starch appearing in the 
chloroplasts was directly built up from carbon dioxide and 
water, i.e . that the carbohydrate starch was the first^ carbo- 
hydrate formed in the process. We may still* rdg&rd starch 
as the first visible product giving evidence of carbomassimila- 
tion ; but we can no longer regard it as being formed directly. 
It is simply a temporary storage of surplus carbohydrate. 
During the night it is reconverted into sugar and passes out 
of the leaf. 

In many green plants, especially Monocotyledons (e.g. the 
Onion) and some dicotyledons (e.g. Gentianaceae) no starch is 
formed in the chloroplasts, or even in more permanent store- 
places of food-material. In the cells of these plants various 
forms of sugar take the place of starch. It may be mentioned 
here also that in many Algae, e.g. Yaucheria i the products of 
assimilation are not carbohydrates, but various forms of oil. 

Exp. 31 . — Boil in water some leaves taken from a Bean seedling, or 
some other plant with thin flat leaves. The colour does not come out. 
Place the boiled leaves in alcohol, and notice that the leaves gradually 
lose their colour while the alcohol turns green. When the leaves are 
colourless, place one of them in a saucer and pour dilute iodine solution 
over it. The depth of colour produced shows roughly how much starch 
is present. If there is abundance of starch, the colour is nearly black; 
if little starch, it is bluish; if none, the iodine turns the leaf brownish 
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(test for proteins). If tlie leaves of a plant growing in the light are 
tested in this way there will be abundance of starch ; there will be none 
if the plant has been kept in darkness for one or two days. 

Exp. 32. — To show that the presence of chlorophyll is necessary for 
carbon -assimilation and starch-formation in leaves apply the iodine 
test to some variegated leaves ( e.g . varieties of Geranium or Ivy). 
Observe that only the green parts produce starch. It is advisable to 
make a careful drawing of the leaf before applying the test. Further, it 
can be observed that in leaves whose veins are colourless, or nearly so 
(e.g. Primrose), owing to the absence of chlorophyll above and below 
them, the veins stand out from the rest of the leaf, when the iodine-test 
is applied, by the absence of starch. 

Exp. 33 . — Put a seedling, which has been kept for two days in dark- 
ness, into a small bottle containing water, so that its roots only are in 
the water. Pour some caustic potash into a wide-necked glass jar, and 
lower the bottle with the seedling into this jar. Cork the jar tightly and 
smear the edges of the cork with vaseline; but pass the tube of a funnel 
containing soda-lime through a hole in the cork. The seedling is thus 



supplied with air, but all the carbon dioxide is absorbed by the potash 
solution and the soda-lime. If the leaves be tested after sufficient 
exposure to light they will be found to contain no starch. A control 
experiment should be set up in which the arrangements are the same, 
except that the potash solution is omitted and gravel is placed in the 
funnel instead of soda-lime (see also Fig. 138). 
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Exp. 34. — Pin to the leaf of a plant, which has been kept in darkness 
for at least a whole day, two flat slices of cork opposite each other on 
the two sides. Smear a small circular area of another leaf with vaseline, 
applying it to both sides. Expose the plant to light from morning till 
late afternoon. Then remove the leaves and apply tho iodine test. No 
starch will be found in the parts protected from light or whose stomata 
have been blocked by vaseline. 

Exp. 35. — Tie the leaves of some ordinary land -plants to a stone 
and sink them under water in a glass jar. After sufficient exposure to 
light test the leaves ; no starch will be found. If the experiment is 
repeated with the leaves of a water-plant — e.g.the American Water- weed 
( Klodea canadensis ) — it will be found that abundant starch is found. 
Why? 

Exp. 36. — Place some water plants, e.g. Water Starwort ( Calliiriche ) 

or American Water-weed, in a 
large glass vessel exposed to 
bright light, and observe the 
bubbles of gas given off. Cover 
the vessel with a black cloth so 
as to cut off the light, and observe 
that the bubbling stops after a 
time. Press a glass funnel down 
on the plants, when they are 
again exposed to light, and invert 
over it a test-tube filled with 
water, so as to collect the gas 
given off. That the gas is chiefly 
oxygen is oasily proved by its 
causing a glowing splinter of 
wood to burst into flame. No 
gas is given off, and there is no 
formation of starch, if the water has been boiled, because in this case 
the water contains no carbon dioxide (Fig. 139). 

13. Conditions of Carbon-Assimilation. — It is evident there 
must be a supply of water and carbon dioxide. Heat, also, is 
necessary; this is a general condition of plant-metabolism. 
Metabolism and growth can take place only within certain 
limits of temperature. Heat is a source of energy and a 
necessary condition for the initiation and continuation of all 
vital processes in plants. The more special factors in carbon- 
assimilation are light and the presence of chlorophyll. We 
have now to consider more fully the part played by these. 


OXYGEN 

TEST-TUBE^ 


BUBBLES OF 
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Fig. 139. Illustrating J]x^36. 
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14. Light . — In our laboratories we can effect the decom- 
position of carbon dioxide and of water only by the expenditure 
of a large amount of energy-heat energy in the former case, 
electrical energy in the latter. The building up of complex 
substances containing a very small proportion of oxygen also 
means expenditure of energy. The green plant carries on 
both these processes at ordinary temperatures. Light being 
an essential factor, we come to the conclusion that it is so 
because it is the chief source of energy. The energy used is 
stored up in potential form in these compounds. 

When a beam of sunlight is passed through a prism it is 
spread out into a band, called the spectrum (which can be 
received on a screen), consisting of many different colours, 
passing gradually from one to the other. This is because 
sunlight consists of many different kinds of rays differing in 
refrangibility, i.e. as regards the angle through which they 
are bent on passing through a prism. At one end of the 
spectrum are red rays, which gradually pass through orange 
and yellow , to blue and violet rays at the other end. Now all 
these rays are not equally active in the process of carbon- 
assimilation. It has been determined, by direct experiment, 
that the red rays are the rays chiefly concerned in the process.* 

Exp. 37. — Obtain a pair of double-walled bell-jars. Fill the space 
between the walls of one of them with a watery solution of potassium 
dichromate, and that of the other with a watery solution of copper 
sulphate, to which ammonia lias been added. The first solution allows 
red rays to pass through, the second one blue rays. Set each bell-jar 
on a folded cloth, or in a saucer of dry sawdust, so as to shut out any 
white light. Place under each a plant in a pot or a seedling that has been 
dug out and had its root set in a bottle of water. Sot both bell- jars in 
diffused light; in direct sunlight the temperature in the two would not 
be the same. The plant in the red-orange light will be found after 
exposure to light (let the experiment last for two days) to have formed 
abundant starch; that in the blue fight will be almost free from starch. 

Exp. 38.— -Watch the bubbles of oxygon arising from a submerged 
water-plant (see Exp. 36), and time the rate of bubbling. When this 
is fairly regular, cover with the blue bell- jar, and notice that the bubbling 
becomes slower after a short time. After about five minutes (take 


* Plants may be grown under artificial light, e.g. electric. 



190 


NUTRITION ANT) GROWTH. 


several readings during this time) take off the blue jar and put on the 
rod-orange one, taking records of the rate of bubbling as before, noting 
the increase in red as compared with bluo light. 

15. Chlorophyll . — The green colouring matter of plants is a 
complex substance consisting of carbon, oxygen, hydrogen, 
nitrogen, and magnesium. It is really a mixture of two 
components, a blue-green pigment called chlorophyll-# 
(C 55 H 72 0 5 N 4 Mg) and a very similar yellow-green pigment 
called chlorophyll-b (C 55 H 70 O 6 N 4 Mg). Associated with the 
chlorophyll in the chloroplasts are two other colouring 
matters, orange-red carotin (C 40 H 56 — a hydrocarbon) and 
yellow xanthophyll (C 40 H 56 O 2 — -apparently an oxidation pro- 
duct of carotin). Only chlorophyll is concerned in photo- 
synthesis. Chlorophyll is readily decomposed by bright light 
in the presence of oxygen. 

Two conditions, in addition to oxygen and a suitable tem- 
perature, are necessary for the formation or development of 
chlorophyll: (a) the presence of light,* (b) a supply of iron 
in the food. 

If a plant is grown in darkness, it assumes a pale yellowish, 
sickly appearance. This is due to the fact that a yellow 
colouring matter — etiolin — is developed in the corpuscles 
instead of chlorophyll. Such a plant is said to be etiolated. 
Of course, a plant grown in darkness must have some reserve 
store of food-material to draw upon, as, for example, a potato- 
tuber developing in darkness. Many examples of etiolated 
plants will readily occur to the mind of the student, e.g . 
Celery, grass covered by a roller or a board. 

Typical etiolated plants present many other peculiarities. 
Thus the internodes become very much elongated or “ drawn 
out.” For this reason the plants are called “ drawn plants.” 
This has an important biological significance. In this way 
there is a chance of shoots reaching the light, as, for example, 
in seedlings smothered by other plants. In etiolated plants, 
also, the leaves remain small and scaly, there is an enormous 
development of soft succulent parenchyma and a meagre 


* In exceptional cases chlorophyll is developed in darkness (coty* 
ledons of Ferns and of a few seeds — e.g. Sycamore, Finns). 
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formation of lignified tissue. Large leaves would be useless 
in darkness; we might say, therefore, that the plant devotes 
all its energy to the formation of long internodes which may 
be of use to it. 

It has been determined by experiment that the action of 
light in promoting the formation of chlorophyll is due not only 
to the red rays, but also to the blue and violet rays. 

A yellowish, sickly condition is also established if there is 
no iron in the food, the plastids being colourless or containing 
etiolin. This condition, due to the want of iron, is called the 
chlorotic condition. It is to be carefully distinguished from 
the etiolated condition due to the absence of light. As soon 
as the plant is supplied with a weak solution of an iron salt, 
even if it is only applied to the leaves by sponging them with 
a weak solution of Iron Sulphate, chlorophyll is developed. 
Thus iron is necessary to the formation of chlorophyll, although 
it does not enter into its composition. Possibly iron is neces- 
sary to protoplasm, and the chlorotic condition may be due to 
a diseased condition of the protoplasm. 

Chlorophyll can be extracted by means of alcohol, chloro- 
form, etc. If green leaves are boiled in water, and then placed 
in alcohol, a solution of chlorophyll is readily obtained. A 
solution of chlorophyll is fluorescent — it is green by trans- 
mitted light, red by reflected light. 

When a solution of chlorophyll is placed in the path of a beam 
of light, which is then passed through a prism, the spectrum 
is modified. Certain dark bands (absorption-bands) appear 
in the spectrum, more especially in the red region, and others 
in the blue and violet region. This is because these particular 
rays have been absorbed by the chlorophyll. This leads us to 
the function discharged by chlorophyll. We have seen that 
the red rays are especially active in carbon-assimilation. We 
therefore conclude that chlorophyll is a colouring matter 
which, by absorbing certain rays of light, supplies the living 
protoplasm with the energy necessary for carrying on the 
chemical processes connected with photosynthesis. There 
is probably comparatively little photosynthesis in blue 
or violet light, although these rays are largely absorbed 
by chlorophyll. 



192 


NUTRITION AND GROWTH. 


Exp. 39. — Grow seedlings, e.g. Cress and Mustard, in darkness, then 
place some of them in a good light, closo to a window, and note the 
time required for the production of a distinct green colour. Place the 
others in a dark part of the room, and when they have become green 
test the leaves for starch. These observations will show that (a) a 
green tinge, due to formation of chlorophyll, may be developed in an 
hour or less, in good light; ( b ) light too weak for photosynthesis is 
strong enough for the production of chlorophyll. 

Exp. 40. — Place some etiolated seodlirigs (Cress, Mustard, Bean, etc.) 
in a bottle or small glass jar, cover with a glass plate, and set it in a 
larger jar half filled with water. Keep the water at 30° C. In a similar 
apparatus keep some of the seedlings in cool water, or water kept at 
10° C., by adding bits of ice from time to time. Compare the depth of 
the green colour developed in the two sets of seedlings after an hour 
or two. 

Exp. 41. — Fill a test-tube with water, invert it in water, and pass 
under its rim somp etiolated Mustard seedlings. Though exposed to 
light the seedlings do not become green, owing to lack of oxygen. 

Exp. 42. — Extract chlorophyll from green loaves by boiling them in 
water, draining off the water, and covering the leaves with alcohol. 
Then place the dish containing the leaves and alcohol in the dark; 
light destroys the colouring matter in the solution. Filter the solution, 
and place it in a corked bottle. Notice the colour of the filtered extract 
by holding the bottle up to the light, and by holding it against a black 
surface. Obtain a continuous spectrum on a screen by fastening on the 
lens of an optical lantern a card with a vertical slit, and holding a prism 
in the path of the light. Hold a test-tube of chlorophyll-solution 
against the slit, and notice that the colours in several parts of the 
spectrum are replaced by dark bands. The most prominent dark band 
appears in the red part, but if the solution is strong enough other bands 
will be seen in the green and blue. 

Exp.ftl| — Fill three test-tubes with chlorophyll extract, cork them, 
and place A in sunlight, B in diffused light, C in darkness. Carefully 
boil some extract in a fourth test-tube D, and place it with A in sunlight. 
Notice, after a day’s exposure, that A becomes brown, C is unchanged, 
while B and D are only slightly changed; the absence of oxygon in I) 
hinders the destructive effect of light. 

16. Limiting Factors. — It will be seen that, in order to 
determine the amount of photosynthesis taking place we may 
measure (I) the carbon dioxide taken in or (2) the oxygen 
given out, or (3) the sugar or starch formed. The last is best 
found by the “ half-leaf dry- weight method.” Equal areas 
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are marked on either side of the midrib of a number of leaves, 
and the areas on one side are cut out at once, dried in an air- 
oven or steam-oven, and weighed. After a known period of 
photosynthesis, the remaining areas are similarly treated, and 
the increase in dry weight represents the weight of solid (sugar 
or starch) produced in a known time by a known leaf-area. 

Now ordinary air contains about *03 per cent, of carbon 
dioxide. If we artificially increase the percentage of carbon 
dioxide supplied to the plant, we find thatNthe dry-weight 
increases up to a value of about *25 per cpnt. of carbon dioxide; 
still further increase of carbon dioxide s results in no increase of 
photosynthesis unless a stijon^Qight br a higher temperature 
be employed. l€\is^ttreftfexe evident^ that, under ordinary 
cohdiilons, the plant’s supply ofX^arbon dioxide aots as a 
limitp5gfe,ctpr|di uniting tMe of mnvt^ synth esi^- A limiting 
factor isjt|ms jlike Yhb weakest link ma chain ; it is that 
particular jkcU)ri\ a procCsirUnth out an increase in the value of 
whickbfyerfy ban he no increase in the rate or efficiency of the 
process. 

17. Elaboration of Organic Substance. — During photo- 
synthesis, the first carbohydrate produced is probably grape- 
sugar, C 6 H 12 0 6 . This represents a store of potential energy, 
which is always available on oxidising the sugar during 
respiration (katabolism). Indeed, some of the sugar is thus 
oxidised, providing energy with which more sugar is combined 
with mineral salts to produce complex organic substances 
(anabolism). We are still very much in the dark as to the 
exact way in whioli many of these organic substances are 
produced, but one chemical process, at any rate, is clear, 
and that is condensation with elimination of water. By this 
process larger and more complex molecules are built up from 
simpler ones. Thus from glucose (grape-sugar) are formed the 
disaccharides cane-sugar and maltose (malt-sugar), and the 
polysaccharides starch and cellulose — 

2C 6 H 12 0 6 - H 2 0 - C 12 H 22 O n . 

grape-sugar water cane-sugar or maltose. 

wC 6 H, 2 0 8 — n H 2 0 = (C 6 H 10 O 5 ) n. 

starch. 


I. BOT 


13 
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Note that some of these condensation products are soluble and 
crystalline, while others are insoluble. 

It is probable that proteins are similarly built up by con- 
densation of nitrogenous substances known as amino-acids. 
These are soluble crystalline substances which are apparently 
formed from various organic acids by substitution of the basic 
radicle NH 2 for a hydrogen atom. One of the simplest is 
glycine, CH 2 (NH 2 ) . COOH, which is evidently amino-acetic 
acid. Again, aspartic acid — 

CH 2 .COOH 

i 

CH(NH 2 ).COOH 

is amino-succinic acid. The amino-acids are probably formed 
in the leaves, the nitrogen being obtained from the nitrates 
absorbed by the roots. Nitrates disappear from cut leaves in 
the light, but only from the green parts of variegated leaves. 
The nitrates are probably first reduced to nitrite in the leaf. 
The condensation of the amino-acids apparently takes place 
by a series of steps producing substances of increasing com- 
plexity, namely polypeptides, albumoses (proteoses), peptones, 
and proteins. The peptones and proteoses are soluble and 
diffusible, and are known as derived proteins. The sulphur 
and phosphorus which enter into the composition of proteins 
are obtained from sulphates and phosphates absorbed by the 
root. 

The amino-acids have both NH 2 and COOH groups, and 
therefore show both basic and acidic properties, as also do 
the proteins. Some amino-acids have two COOH groups, 
e.g. aspartic acid, and in the process of condensation one 
of the groups may be combined with ammonia forming 
an amide. These amides are found in the molecules of the 
protein built up from such amino-acids, and are liberated 
when the protein is hydrolysed by enzymes. Asparagine, 
CO(NH 2 ).CH 2 .CH(NH 2 ).COOH, is the amide formed from 
aspartic acid. It is found widely distributed in plants. 

The proteins formed may be solid or they may be in the 
colloidal state in which they enter largely into protoplasmic 
substance. 
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The vegetable fats are apparently formed synthetically from 
sugar. As already explained, they may be regarded as com- 
pounds of glycerol (a trihydric alcohol) and a fatty acid, and 
both the glycerol and the fatty acid are apparently formed 
from sugar. 

The substances so far mentioned are produced anabolically, 
i.e. are built up synthetically from simpler substances. The 
same may apply also to many other substances found in 
plant cells such as the organic acids, colouring matters, gums, 
tannins, alkaloids, etc., but with regard to the origin of these 
little is known with any certainty. Very possibly some or all 
of them may be produced not only anabolically, but also 
katabolically, i.e. by the breaking down or decomposition of 
more complex substances in respiration and other processes. 
Thus, for example, some at any rate of the organic acids (e.g. 
oxalic acid and malic acid) are known to be produced during 
the respiration of sugar. Some of these substances may be 
simply waste products formed chiefly during the katabolic 
processes, e.g. the alkaloids formed probably during decom- 
position of proteins. In connection with these waste products 
it should be noted that in plants there are no special excretory 
organs. Still, many of these excreted substances are got rid 
of, e.g. in falling leaves, the scaling of bark, etc. We find that 
the leaves of deciduous trees become filled with such sub- 
stances towards the approach of winter. So also the bark. 
Falling to the ground these substances are decomposed and 
brought into forms in which they may again be absorbed by 
plants. 

Exp. 44. — Place young and old leaves of Horse Chestnut, Elm, etc., 
in strong solution of chloral hydrate, which makes them transparent, 
and examine with the microscope. Notice the abundance of oxalate 
crystals in old as compared with young leaves, in leaves growing in full 
sunlight aB compared with leaves from the shaded part of the tree, 
in the green as compared with the non-green parts of variegated leaves. 

Exp. 45 . — The presence of nitrates in a leaf can be detected by cutting 
rather thick sections of the blade or the stalk, placing them on a glass 
slide, and adding a drop of diphenylamine sulphate: if nitrates are 
present, a deep blue colour appears. Cut off the leaves of various plants 
and test them in this way ; if they give the blue colour, set other leaves 
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in the light with their stalks in water, and after a few days test again 
for nitrates. Test in the same way (1) the leaves of plants exposed to 
bright light, and compare with leaves of plants of the same species kept 
in deep shade, (2) variegated leaves of a plant exposed to bright light, 

18. Translocation of Plastic Substances. — We have seen that 
soluble carbohydrates (sugars) and probably also soluble 
nitrogenous compounds (amino-acids) are formed in the 
assimilating cells, chiefly the mesophyll cells of leaves. With 
the exception of what is made use of in the assimilating cells 
they are transferred to the various parts of the plant for 
farther elaboration. All living cells contain these soluble 
carbohydrates and soluble nitrogenous substances conveyed 
to them in the cell sap. The living protoplasm makes use of 
them as food substance. They are more especially transferred 
to points where active growth and formation of new substance 
are taking place, i.e. to growing points. 

Many of the soluble compounds, however, are made use of 
in the formation of reserve or storage compounds. Storage 
products may be formed in any living cell, but the formation 
is specially abundant in particular tissues or organs, e.g. 
medullary rays of trees, seeds, bulbs, rhizomes, etc. 

The rapid transference of the soluble carbohydrates and 
nitrogenous substances from the assimilating cells is effected 
through the phloem tissue and more especially by the sieve- 
tubes. How exactly it is effected is not known. 

Exp. 46.™ I *lace a Bean seedling or a Garden Nasturtium (try various 
other plants) in darkness for a few days, then remove some leaves and 
test them for sugar by boiling them in Fehling’s solution.* There will 
be little or no red colouration, showing that sugar is absent or nearly 
so. Expose the plant to sunlight for several hours, then place it in 
darkness (after having tested some leaves, or parts of leaves, for starch), 
and after a time test some leaves for sugar, which will be indicated by 
the red colour produced around the veins. If the presence of sugar is 
detected in this way in the leaf- blade, test sections of the leaf-stalk at 
different levels, to find out by what paths the sugar travels towards the 
stem. Also test sections of the stem itself. 


* Fehling’s test. Dissolve 35 grin, of copper sulphate in 200 c.c. of 
water to make solution A. To make solution B (to be kept in a separate 
bottle) dissolve 70 grm. of Rochelle salt in 200 c.c. of 10 per cent, caustic 
potash solution. Use equal volumes of solution A, solution B, and water. 
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Exp. 47. — Make two cuts round the lower part of a Willow twig, 
about an inch apart, and remove the soft outer tissue of the stem between 
these cuts, so as to leave only the hard woody portion of the stem for 
this distance. Then set the twig in water (which should be changed 
every day) or in culture-solution, and notice that it begins to sprout 
after a few days (Fig. 140). Below the injury the development of buds 
and new roots takes place but slowly, whereas above it new roots are 
rapidly formed. 


This experiment usually succeeds best in spring 
or early summer. Later in the year it is advisable 
to remove the leaves in order to diminish the loss 
of water, since there are no roots on the cutting 
to keep up the supply of water. The rapid 
development of buds and the formation of roots 
above the ringed part show that food passes 
down chiefly through the soft outer region of 
the stem. 


19. Use of the Metallic Elements, etc.— ||f 

Magnesium is an essential constituent of 
chlorophyll, and etiolation finally ensues in /4#C\ 
magnesium-starved plants, which are slow- / fff oif \ 

growing, and appear to do very little photo- // / f/lp§\ I \ 
synthesis. It seems also to be essential f 1 

for the production of oil. | \ "Y [ 1 

Iron is essential to the normal growth | !\ | | 

of all plants, both green and otherwise. | * \ 

Both iron and potassium are believed to be * * 

necessary to the protoplasmic substance. Fig. 140. A Ringed 
Potassium-starved plants have abnor- Branch of a Wil- 
many coloured and patchy leaves, showing Water 
“ leaf -scorch, weak stems (through de- 
ficient turgidity), and there is deficient starch-formation. 

Calcium gives tone and vigour to the plant, and appears 
more especially to stimulate root-production. It occurs in 
i;he middle lamella as calcium pectate. It also combines with 
the poisonous oxalic acid produced during elaboration of 
proteins, forming insoluble deposits of calcium oxalate. 


20. Storage or Reserve Material. Enzymes. — The three 
chief forms of stored food-material are — 

(1) Carbohydrates, as starch grains in potato, cereals, etc.; 
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cellulose in the date “stone”; inulin in dahlia tubers; and 
cane-sugar which, though soluble like inulin, exerts a low 
osmotic pressure, and on account of its large molecules, does 
not easily diffuse from the cells in which it is stored. Starch 
in rhizomes, etc., away from the light, is produced by the 
activity of leucoplasts. The reserve cellulose mentioned 
above is not true cellulose, but is known as “ hemicellulose.” 

(2) Oils, as in castor oil seeds, all nuts, etc. 

(3) Protein, as the “ crystalloid ” in oily seeds, and as small 
grains in the aleurone layer on the surface of endosperm of 
wheat, etc. 

Now when these stored substances are to be used, they must 
first be brought into a readily soluble and diffusible form. 
This is done by means of enzymes or ferments. These 
enzymes axe soluble, colloidal, non-living organic substances, 
probably breakdown-products of the living protoplasm; and 
their action is inhibited by the protoplasmic poisons. When 
dry they are mostly whitish, amorphous powders, and many 
of them can be bought in tabloid form. Each enzyme has 
the power of increasing catalytically the rate of some specific 
chemical reaction. Most enzymes do this by a process of 
hydrolysis. Thus starch , acted on by the enzyme diastase 
produced in germinating seeds, gives maltose and dextrin . We 
may take it that, in the presence of water, this action tends 
to proceed, and the diastase helps it catalytically. This is 
the decomposing action of diastase. When water is scarce, 
however, the reaction tends to proceed in the opposite 
direction, and diastase helps this reaction also, exerting a 
synthesismg action, and causing the production of starch 
from sugar. The action is therefore reversible. 

Enzymes may be classified according to their action as: 
(1 ) Hydrolysing Enzymes ; (2) Oxidising and Reducing Enzymes ; 
(3) Fermenting Enzymes (e.g. zymase, of yeast). 

We will now consider some of the chief hydrolysing enzymes. 
After diastase has turned starch into maltose and dextrin, 
maltase turns the maltose into glucose (or grape-sugar). 

The dextrins are intermediate products between starch 
and sugar, of importance in commerce. They are only 
gradually converted into maltose. 
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(C 6 H 10 O 6 ) n + H 2 0 (+ diastase) 

(starcl 1 

= (C 6 fI 10 O 5 ), + C 12 H 22 O u (+ diastase) 

dextrin maltose 

+ H 2 0 (+ maltase) = 2C 6 H 12 0 6 (+ maltase). 

m a] tone grape-sugar 

Reserve Cellulose is acted on by enzymes known as cytases, 

to give sugars, mannose, and galactose. Cane-sugar is 
“ inverted ” by invertase into an equal mixture of grape- 
sugar (dextrose) and fruit sugar (lacvulose) — 

c i 2 H 22 °n + H 2 0 (+ invertase) = C„H 12 0 6 + C 6 H 12 O e . 

cane sugar dextroBe laevuloue 

Inulin is changed by inulase into lacvulose. 

Fats and Oils are changed by lipases into a mixture of fatty 
acids and glycerine. The latter is changed into sugar and then 
into starch in the embryo-cells of oily seeds during the process 
of germination. 

Proteins are converted by peptase into proteoses and then 
into peptones; the peptase is a proteolytic enzyme (Gk. luo , 
1 loose or break). Thus we have — 


Substance. 

Enzyme. 

Product. 

Starch 

Diastase 

Dextrin and Maltose 

Maltose 

Maltase 

Glucose 

Cellulose 

Cytaso 

Mannose and Galactose 

Inulin 

Inulase 

Laevulose 

Fats 

Lipase 

Fatty acids & Glycerol 

Proteins 

Peptase 

Peptones 


Ail these enzyme actions are essentially similar to the 
digestive processes in animals. As a matter of fact, we have a 
shrewd suspicion that enzyme action is at the bottom of most 
of the physiological processes of living protoplasm, and is of 
fundamental importance, being the probable mechanism of 
all processes of oxidation and reduction, respiration, assimila- 
tion, growth, and so on. 
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Exp. 48.— Cut thin sections of the cotyledons of the Sunflower seed 
or of the endosperm of the Castor-oil seed. Examine these in water 
under the microscope, and observe the bright, highly refractive globules 
of oil. These can be dissolved by adding ether; those of the Castor-oil are 
soluble in alcohol. Add potash solution to the sections and warm gently ; 
the globules become cloudy (owing to saponification) and are finally 
dissolved. 

Exp. 49 . — Cut sections of Beot-root. Examine in water and observe 
the coloured cell-sap. Soak the section for some time in alcohol, and 
examine again. Small crystals of cane-sugar will be observed. If to 
the coloured extract, formed by boiling pieces of Beot-root in water, 
Eehling’s solution (p. 196, footnote) be added, and the liquid boiled, no 
precipitate of cuprous oxide is formed. Cane-sugar differs from grapo- 
sugar in giving a precipitate only after prolonged boiling. 

Exp. 50. — Make thin starch-paste by shaking up a little ordinary 
starch or flour with boiling water and letting it stand to cool. Get 
some Pea seedlings in which the radicle has grown out at least an inch; 
remove the seed-coats, grind the cotyledons up with water, and filter 
through a funnel with filter-paper or thin blotting-paper. Pour the 
starch-paste into white saucers, putting a label on each. Leave saucer 
1 as it is; into 2 pour a few drops of iodine solution; into 3 pour some 
of the watery extract from the cotyledons. Set the three saucers in a 
fairly warm place, and after a time test 1 and 3 with iodine solution. 
Notice that the starch-paste with tho extract in it soon gives only a 
reddish colour with iodine, and ultimately remains uncoloured by iodine, 
showing that the starch has disappeared. Taste the liquid in saucer 3, 
to which the extract was added; the starch has been converted into sugar 
by a substance (diastase) which has been extracted from the cotyledons. 

Exp. 51. — Squeeze the milky contents of about half a dozen sprouting 
Wheat-grains into a test-tube or watch-glass with a little water, and stir. 
Filter, add a few drops of Fehling’s solution to the clear filtrate, and heat. 
A brick-red coloration indicates the presence of sugar. 

Exp. 52. — Shake up some linseed oil with its own volume of 50 per 
cent, alcohol (diluted methylated spirit) and test it with litmus papers; 
it is neutral. Add to tho mixture some Castor-oil seeds which have 
just begun to germinate (crush or chop them up), and test again with 
litmus after a few hours; note the acid reaction due to fatty acids. 

21, Katabolic Processes. — In these processes various com- 
plex organic substances are decomposed or broken down into 
simpler substances, with liberation of energy, which is essential 
for all growth and vital activity. For instance, one way of 
getting energy from sugar is to break up its complex molecule 
by the action of an enzyme called zymase — 
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C 6 H J2 0 6 (+ zymase) = 2C 2 H r> 0H+2C0 2 ~f Energy (+ zymase). 

grape-sugar alcohol 

This is alcoholic fermentation, as done by yeast and other 
fungi regularly, and by the cells of the ordinary green plant 
probably, as the first stage before oxidation. This fermenta- 
tion is anaerobic, i.e. no air is used. A bigger output of energy 
is obtained by oxidising the sugar during respiration — 

C 6 Hi 2 0 6 -j- 60 2 = 6C0 2 + 6Ii 2 0 + Energy, 

so that the latter is the more economical way of using the 
sugar, if it can be done. 

In any case, the important thing is the liberation of energy. 
Of course, other substances than sugar may be oxidised, such 
as fats, proteins, and even the protoplasmic substance itself. 
There is evidence, however, that fats are first converted into 
sugar. 

22. Respiration. — In this process oxygen is absorbed by all 
parts of plants. There are no special respiratory organs in 
plants, but the absorption of oxygen is most rapid in the 
regions or organs where the katabolic processes are most 
active, e.g. leaves, growing points, germinating seeds. Carbon 
dioxide is given off as an almost invariable excreted product 
arising from the decomposition of organic substance. Water 
also is formed. In aerial parts protected by a firm cuticle or 
a layer of cork, the oxygen enters by means of stomata or 
lenticels. It passes through the cell-walls into the interior 
of the cells in solution. The process of respiration in green 
plants is masked during the day, owing to the activity of 
carbon-assimilation. The rate of respiration is influenced by 
temperature, food, amount of water, and certain stimuli. 

The student must carefully distinguish between respiration 
and photosynthesis (carbon-assimilation). The following 
table indicates the chief points of distinction: — 


Respiration. 

(а) A breathing process associ- 
ated with katabolism. 

(б) Takes plaoe over whole 
surface. 

(c) 0 2 passes in, C0 2 given off. 


Photosynthesis. 

(a) A feeding process associ- 
ated with anabolism, 

(b) Only in green aerial parts. 

(c) CO 2 passes in, 0 2 given off. 



202 


NUTRITION AND GROWTH. 


(d) Independent of light and (d) Dependent on light and 

chlorophyll. chlorophyll. 

(e) Plant loses weight. ( e ) Plant gains in weight. 

The ratio of the volume of carbon dioxide exhaled to the 
volume of oxygen absorbed 

known as the respiratory quotient or ratio^ 

is not constant, the variations depending largely on the fact 
that different substances may be consumed in respiration. It 
often approximates to unity, in which case we may take sugar 
to be the substance used, and represent the process by the 
equation — 

(V*i 2 0 6 + 60 2 = 6C0 2 + 6II 2 0 + Energy. 

Apparently, organic acids, such as oxalic and malic acids, are 
formed as intermediate products, and if to any extent the 
process of decomposition stops short at the production of 
these, the respiratory ratio will obviously be less than unity. 
This is markedly the case in many succulent plants, in some 
of which no carbon dioxide is formed at all, the decomposition 
process stopping short at the production of organic acids. In 
the germination of oily seeds, also, the respiratory ratio is 
distinctly less than unity. Eats contain less oxygen than 
sugars, and as apparently the fat used in respiration has first 
to be converted into sugar, part of the absorbed oxygen is 
used for this purpose. 

On the other hand, carbon dioxide may be exhaled without 
any absorption of oxygen. This can be observed in the case 
of various seeds when made to germinate in absence of oxygen. 
If soaked peas are simply inserted under the mouth of a test- 
tube full of mercury standing inverted over mercury, the level 
in the test-tube slowly falls, and carbon dioxide collects above 
the mercury. The energy required for growth is apparently 
liberated by decomposition of substances in the seed, and the 
carbon dioxide evolved is a decomposition product. Ap- 
parently alcohol is also produced (see Exp. 56). 

This intramolecular or anaerobic respiration, as it is called, 
is not a normal process in ordinary green plants, which if 
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deprived of oxygen soon die ; but it is commonly met with in 
the Fungi and Bacteria, and is closely related to the process 
of fermentation. There is increasing evidence that respiration 
is a much more complicated process than the above account 
would seem to indicate, and that various enzymes (oxidases) 
play a great part in it. 

Exp. 53. — Place a bunch of roots, or some onions sliced in half, or 
twenty to thirty germinating peas, in a jar. After a day or two lower 
a lighted taj>er into the jar and observe that it is extinguished; or pour 
some lime-water into the jar and observe that it becomes milky. These 
tests show that carbon dioxide has been produced in abundance. This 
occurs whether the jar is exposed to light or not., for with the materials 
used there is no carbon-assimilation, and respiration is equally active 
under both conditions. 

Exp. 54. — Suspend three healthy laurel leaves by threads from the 
well-fitting cork of a large bottle containing lime-water, and expose 
them to bright light. After several hours the lime-water is still com- 
paratively clear. Cover the bottle with black cloth, and in a few hours 
the lime-water will become quite milky, owing to the respiration being 
no longer masked by the re-assimilation of the carbon dioxide it pro- 
duces. 



Fig. 141. The Arrows show the Direction of the Current of 

Air., WHICH IS DRAWN THROUGH BY ATTACHING AN “ ASPIRATOR ” 
AT THE LEFT OF THE APPARATUS. 

Exp. 55. — Place some green leaves in a glass jar (Fig. 141) through 
which a slow current of air is passed. This air is deprived of its carbon 
dioxide by the potash contained in the U-tube. The baryta-water in 
both (a) and ( b ) remains clear so long as the leaves are exposed to sunlight 
or very bright daylight, whereas if the glass jar is covered with a black 
doth the liquid in (a) soon becomes turbid and milky. 
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Exp. 56. — To demonstrate intramolecular respiration soak six peas 
in water for a day or until the coats can be removed without damaging 
the embryo. Fill a test-tube with mercury and invert it in a. dish of 
mercury; then pass the seeds under the open end of the tube, when they 
will float up to the closed end. In a day or so the test-tube will be half 
full of gas. With a bent tube pass a little water under the test-tube, so 
that it will float up to the surface of the mercury, then pass up a small 
piece of caustic potash; the strong potash solution thus formed absorbs 
the gas. This shows that it is carbon dioxide (see Fig. 142). 

Exp. 57. Take about forty beans as nearly alike in size and weight 
as possible; select four of them as samples, and find their weight after 
thoroughly drying them on a water- or sand-bath or in a slow oven. 

Take the dry weight of a seed, found in this 
way, as the average. Sow half of the seeds 
in sawdust in a box which is kept in darkness, 
the other half in a box kept in full light; 
water both lots about equally. At the end 
of each week remove three seedlings from 
each box, wash the roots in running water (do 
not leave any in the sawdust or lose them in 
any way), and dry them thoroughly without 
charring any part. When quite dry and 
brittle, weigh each lot and obtain the average 
weight of the solid matter in each plant. 

The results may be plotted on a sheet of 
squared-paper. As the weekly observations 
proceed trace two curves across the sheet, ono 
in black ink to show the weight of the seed- 
lings grown in light, the other in red ink to 
show the weight of those grown in darkness. 
The results will clearly demonstrate the loss of weight associated with 
respiration, and the increase of weight associated with carbon-assimila- 
tion. It will be found that the dry weight of the seedlings grown in 
darkness decreases, while that of those grown in light increases. 

23. Energy. — We have Been that energy is derived by the 
green plant chiefly from light. The energy absorbed is stored 
up in potential form in the complex organic substances formed. 
In the katabolic processes there is a liberation of energy. The 
liberated energy is for the most part made use of again in 
building up the living substance of the plant, so that we may 
say that the greater part of the energy which enters the plant is 
accumulated in potential form in the complex substances formed, 
But a certain amount of energy is dissipated or given off 
in various ways. A certain amount of energy in potential 



Fig. 142. Intramole- 
cular Respiration 
of Germinating 
Peas. 
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form is, for example, lost to the plant in the various complex 
excreted substances which are got rid of. When the katabolic 
processes are very active, as in the unfolding of many massive 
inflorescences, or the germination of large numbers of seeds, a 
dissipation of energy in the form of heat can be recognised; 
a distinct rise in temperature is noticed. Again, many plants 
show movements of various kinds; growth itself may be 
regarded as a slow form of movement. This also means a 
loss of energy to the plant. 


Exp. 58 . — To demonstrate the heat produced by respiration take 
three tumblers or jars each having a cork with a hole in the centre 
through which a thermometer is passed. First compare the readings 
of the threo thermometers by placing them together in water at different 
temperatures. Half fill one jar with soaked seeds (peas, beans, wheat, 
or barley answer well); the second with seeds that have been killed by 
boiling (add some corrosive sublimate to the water to prevent growth 
of moulds or bacteria); the third with moist sawdust (as a control). 
Place the three jars, with thermometers inserted to equal depth in each, 
in a box, and put dry sawdust between and around them; cover the 
whole with a bell-jar or a dry cloth, and compare the readings of the 
thermometers at the start of the experiment and then at intervals of a 
few hours. 

24. Movement in Plants. — Movement may be exhibited (a) by the 
protoplasm of single cells, (A) by growing members, (c) by fully grown 
members. The movements are either spontaneous , i.e. due to internal 
causes, or induced by the action of external stimuli. The movements 
exhibited by fully grown members, spontaneous or induced, are usually 
brought about by alteration in the turgidity of cells, and are known as 
movements of variation. 

Movements induced by external stimuli are considered fully in Chapter 
VIII. The following are a few examples of spontaneous movements: 
(a) The protoplasm of some cells shows an irregular streaming movement 
along the primordial utricle and protoplasmic strands; this is known as 
the circulation of protoplasm, and can readily be observed in the cells 
of the staminal hairs of Tradescantia. In other cases there is a more 
regular movement of protoplasm round the inner surface of the cell- wall; 
this, the rotation of protoplasm, can be seen in the cells of the leaf of 
Elodea canadensis (the Canadian Water-weed). (6) Tho best example 
of a spontaneous growth movement is that known as nutation described 
in § 27. (o) The terminal leaflet in the common Red Clover, Trifolium 

pratense f shows a very slow swaying or oscillating movement with a 
period of about three hours. It occurs in darkness only. A similar 
movement is exhibited by the lateral leaflets of the Wood Sorrel. The 
significance of the movement is not known. 
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25. Growth takes place as the visible result of all these 
metabolic processes. The conditions necessary for the 
healthy growth of a green plant are a supply of food-material, 
moisture, oxygen, light, a suitable temperature, and a con- 
dition of turgidity in growing cells. We have to take into 
account not only the formation of new cells, but also the 
growth of individual cells. 

In the anabolic processes there is the building up of the 
organic substance, and this is accompanied by the storing up 
of energy. In the katabolic processes there is excretion of 
waste substances; the digestion of stored food-material; and 
the liberation of energy which is made use of in metabolism. 
Under normal conditions the formation of organic substance 
and the storage of energy are greatly in excess of the loss of 
substance and the expenditure of energy, and the increase in 
dry weight therefore may be regarded as the distinguishing 
feature in growth. It may be said also that growth takes 
place when there is an increase in size accompanied by a 
; permanent change of form as a result of various metabolic 
and developmental changes. In many cases we can recognise 
a temporary increase in size without growth taking place, as, 
for example, when cells become turgid. 

26. Properties of Growing-Points. — (1) Generally, when 
growth begins in any organ or cell, it proceeds slowly at first, 
but gradually quickens until it reaches a maximum, after 
which it slows down until the energy of growth is exhausted, 
and the organ or cell acquires its permanent form. The time 
taken to pass through the whole cycle is called the grand 
period of growth. 

At the tips of stems and roots the growth is greatest, not 
at the point where there is most rapid division of cells, but at 
some distance behind this point; that is, the formation of new 
cells is most abundant at the apex, but the growth and increase 
in size of the cells take place chiefly at some distance behind 
the apex. The free end of a root shows several distinct regions, 
easily recognised : (a) the growing-point, covered by the root- 
cap ; ( b ) elongating or growing region ; (c) region bearing root- 
hairs; (d) thickening region, where also rootlets are produced. 



GROWTH. 


207 


The growth of a bud while it is unfolding affords another 
example. In the bud the internodes are extremely short. 
Rapid elongation takes place when the bud begins to unfold. 
In some cases growth may continue for a long time in the 
internodes, although they are far removed from the apical 
meristem, e.g. the lower part of the internodes in Grasses. 
Similarly, the rapid growth of the leaf is effected when 
unfolding, although all the cells of the leaf are present in the 
bud-condition. 

Exp. 59. — In a jar containing some water fix a 
soaked bean or pea by means of a long pin passing 
through the cork and cotyledons (Fig. 143). 

Observe the escape of the radicle and its down- 
ward growth. When the radicle is about an inch 
long, mark it by Indian ink lines, starting at the 
tip and making a transverse line every 2 mm. 

(■j*£ in.) or 3 mm. (} in.). Replace the seedling in 
the jar, and notice that after a day or two the 
lines are no longer the same distance apart, but 
that those near the apex of the root have longer 
interspaces between them. Further examination 
will show that growth in length takes place almost 
entirely in the region just behind the root-cap, 
and gradually decreases in the regions farthest Fig. 143. Ger- 
removed from it. minatingPea, 

showing Growth 

Exp. 60. — Make similar observations with stems, in Length of the 
utting tho marks J in. apart. Suitable plants are Radicle. 
unflower and Bindweed ( Polygonum convolvulus ). 

(2) The elongation of the growing point (stem or root) is 
not in a straight line. As it elongates the growing point may 
move from side to side in a zig-zag course, or describe a spiral. 
The reason is that growth is not equal all round the 
growing point. If the growth is more rapid, first on one side 
and then on the other, the zig-zag movement is produced. 
The spiral or revolving movement is due to a wave of more 
rapid growth passing round the growing apex. This move- 
ment, of whatever kind, is called nutation or circumnutation. 
It is of importance in tendrils, where the revolving movement 
brings the nutating part in contact with a support round 
which it coils. The coiling of the tendril round the support 
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is a movement induced by the stimulus of contact (see 

p. 226). 

Leaves (and other dorsiventral organs) show a phenomenon 
somewhat resembling nutation. During the early stages of 
growth the lower or dorsal surface grows more rapidly than 
the upper. This phase of growth is known as hyponasty , and 
in consequence the leaves are folded up in the bud condition. 
Later the upper surface grows more rapidly (epinasty) and the 
leaves unfold. We may compare with this the growth of the 
plumule in many germinating seeds. In the Bean, for 
example, one side of the plumule at first grows faster than 
the other ( hyponasty ). This causes the arched form in which 
the plumule reaches the surface of the ground, being thus 
guarded from injury. The other side then enters on its rapid 
period of growth (epinasty), and the young shoot straightens 
out. 

(3) The cells at growing points are always turgid. There 
is a rapid osmosis of nutritive substances into the cells. This 
is always the case where metabolic processes are actively 
going on. The metabolic processes disturb the general 
equilibrium as regards the distribution of nutritive substance, 
and at the same time lead to the formation of osmotically 
active substances. Hence water with nutritive substances in 
solution is drawn into these cells from neighbouring cells. 
Turgidity is an essential condition of growth ; turgidity brings 
about temporary changes in form which are rendered perma- 
nent by the formation of new substance. 

A condition of turgidity in living cells causes considerable 
tension (or pressure) in the tissues, not only at growing points, 
but also in fully grown members. The epidermis, being a 
firm and rather inextensible membrane, will be stretched to 
some extent by the turgid cells within, and these again will be 
compressed owing to the inextensible nature of the epidermis. 
The pith, for example, in stems and petioles tends to expand, 
but is prevented by the outer tissues. 

The tensions may be longitudinal or transverse. The 
longitudinal tension in a stem may be easily demonstrated by 
splitting longitudinally the growing apical region of a succu- 
lent shoot ( e.g . Elder). It will be found that the two halves 
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bend away from each other, more especially if the shoot be 
placed in water. This is due to the elongation of the pith, 
which will be found to present a convex surface. If the root 
of a seedling Bean be similarly treated it will be found that 
the halves bend slightly inwards, because, in this case, it is 
the inner tissues that are stretched. The existence of trans- 
verse tension can be demonstrated by removing a complete 
ring of the outer tissue from a succulent stem; on trying to 
replace it, it will be found that it does not go quite round 
owing to the expansion of the inner tissue. 

Exp. 61. — Split a Dandelion stalk longitudinally into four strips, and 
notice that each strip at once becomes curved, with the epidermis on the 
concave side. Place some strips in water, others in strong (about 10 
per cent.) salt solution, and observe the differences in the curvature 
caused by the changes in the turgidity of the inner tissue — i.e. that 
nearest the centre of the stalk. 

Exp. 62. — Take a long petiole of Rhubarb. Cut the ends Bquare and 
carefully measure its length. Then remove the cortical tissue in longi- 
tudinal strips. It will be found that these strips are shorter, and the 
remaining cylinder of pith longer, than the original length of tho petiole. 

27. Phenomena connected with Pressure.-— The formation of inter- 
cellular spaces is evidently due to differences in pressure and tension in 
tho growing cells. This also partially explains the difference between 
spring and autumn wood, and the formation of annual rings in the wood 
of trees. During the summer, when the cambium is active, there is a 
gradual increase in the transverse pressure in the stem, both the wood 
inside and the bast outside the cambium being compressed (see p. 110). 
During the winter, when the cambium is inactive, the pressure is 
relieved. 

Occasionally, owing to this pressure in the secondary wood, the walls 
of some of the parenchymatous cells of the wood are forced through the 
pits into the cavities of the wood- vessels. The portion of the cell which 
bulges into tho vessel is cut off by a wall; cell-division takes place in it, 
and a mass of parenchyma is formed inside the vessel. These masses are 
called tyloses or thyloses. They are formed just before the xylem passes 
over into heart-wood, and help to close the cavities of the wood-vessels. 

28. Bate of Growth in Steins. — A simple method for the 
measurement of the rate of growth in length and its distribu- 
tion has been indicated in Exps. 59 and 60, p. 207. 

The rate of growth in length of a stem may be measured 
by putting a mark on the older part of the stem, and measuring 
i. bot, 14 
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the distance from this to the apex at regular intervals. More 
accurate readings, especially where the growth-increments are 
small, may be obtained by means of an apparatus called the 
auxanometer. A fine cord of plaited silk is attached to the 
apex of the plant (growing in a pot). The cord passes over a 
pulley fixed above, and to its other end a weight just sufficient 
to keep the cord tight is attached. The distance through 
which the weight descends in a given time indicates the rate 
of growth. A horizontal needle or index may be fixed to the 

weight, and the distance 
read off on a vertical 
scale. This is the 
simplest form of the 
auxanometer. Many 
refinements are intro- 
duced into the more 
elaborate forms (Fig. 
144). 

The results may be 
plotted on squared 
paper. With a rapidly 
growing stem a good 
curve can be obtained 
by taking readings every 
three hours. It is found 
that if minor irregulari- 
ties be neglected, there 
is a more or less regular 
variation of growth 
corresponding to tho 
alternation of day and 
night. Growth increases at night and diminishes during tho 
day. The maximum is apparently attained in the morning 
just after the plant is again exposed to light, and the minimum 
in the evening. This variation of growth during every 
twenty-four hours is called the daily period of growth in length . 
It represents the influence on growth of variations in light, 
temperature, transpiration, etc., associated with the alterna- 
tion of day and night. 


PIVOT 



Fig. 144. Self-recording Auxano- 
meter. 

The tip of the lever touching the drum carries 
a pen-nib dipped in glycerine ink. 
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Special Modes of Nutrition in Flowering Plants. 

29. Parasites and Saprophytes (see p. 16). — Some flowering plants 
obtain their food by living as parasites or as saprophytes. Parasites 
and saprophytes are distinguished as total or partial, according to 
whether they get the whole or part only of their food in these ways. 
Plants which have no chlorophyll are necessarily total parasites or 
saprophytes, since they cannot use free carbon dioxide, and must 
obtain carbon in the form of organic compounds ; for this reason such 
plants are classed as heterotrophic, in contrast to the ordinary green 
plant which is autotrophic; i.e., it elaborates all its own complex food- 
substances from air, water and soil. 

30. Total Parasites. — Flowering plants totally devoid of chlorophyll 
are rare in India, but Cuscuta, Gassytha , Christisonia or Balanophora may 
at times bo met with, especially in the hills. 

Cuscuta (Ak&shbcl) belongs to the Order Convolvulaceae, and Gassytha 
to the Order Lauraccae. The flowers in both cases are normal enough, 
although the vegetative organs are not. The seedling sends a short 
root into the ground, while its shoot elongates rapidly and nutates 
vigorously. Should it meet with a suitable host, it clasps round it, and 
emits suckers or haustoria, which eat their way through to the vascular 
bundles of the host plant, where the xylem and phloem of the parasite 
fuse with the corresponding tissues of the plant upon which it is growing. 
In this way the parasite obtains its supplies of organic food as well as 
of water and salts dissolved therein. Meanwhile the root of the parasite 
dies off, and the plant becomes independent of the soil. Should the 
seedling not happen to reach a host suitable to its growth, it soon dies. 
The plant possesses no loaves other than small scales. In actual fact 
it has no use for them. 

Christisonia has a short stem which bears reduced colourless scale- 
like leaves, and is remarkable for the showiness of its flowers, while in 
Balanophora the modification of the plant involved in a parasitic mode 
of life has gone almost to the furthest degree possible. The plant is 
parasitic upon the root of its host, and there, except in the flowering 
season, forms a simple underground tuber, which is not visible from the 
surface, but in which the material taken from the host is stored up as a 
reserve, with which at the proper time the plant produces its flowers. 
These come above the ground in a fairly conspicuous inflorescence, but 
when the fruit is shed there again remains nothing above the surface, 
though all the time the tuber is strengthening its hold upon the host by 
the formation of new or of larger suckers. Like the other suckers which 
are characteristic of this class oi parasite they are united both to the 
bast and to the wood. 

A yet further stage beyond this leads to the remarkable Order 
Kafflesiaceae, found in Java and Sumatra, in which the vegetative 
body of the plant takes the form of actual hyphae resembling those of a 
fungus, and running through the tissues of the host. 
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31. Partial Parasites are plants which contain chlorophyll and have 
ordinary foliage leaves, so that they can make at least part of their 
organic food by photosynthesis, while they draw their supply of water 
and dissolved salts from a host-plant. 

When the seed of the Mistletoe (whose sticky fruits are carried by birds) 
germinates on the branch of a suitable tree (Apple, Poplar, Oak, Haw- 
thorn, etc.), the radicle penetrates the 
host, and the woody tissues of the two 
plants become continuous (Fig. 145). 

Several members of the Foxglove family 
( Scrophulariaceae ) are partial parasites. 
Examples are the Yellow Rattle, Louse- 
wort, Eyebright, Cow-wheat, and Bartsia. 
Most of these plants grow in swampy 
grass-fields. They have chlorophyll and 
ordinary roots, but where their roots come 
into contact with the roots of grasses, 
swellings (suckers) are formed, from which 
parasitic roots grow into the grass-roots. 
The suckers are formed in spring, and 
through the summer they absorb food from 
the living grass-roots; during this time 
they contain little or no starch. In late 
summer and autumn organic food is ab- 
sorbed from the dead grass-roots, and the 
suckers then store reserve food. Louse - 
wort and Bartsia can grow even when 
unable to attack the roots of other plants, but this apparently does not 
apply to the other types. 

32. Total Saprophytes. — British examples of totally saprophytic 
flowering plants are the Bird’s-nest ( Monotropa ) and the Bird’s-nest 
Orchid ( Neottia ), both found in thick leaf-mould (humus) of woods. 
Both plants have the lower part of the stem covered with a mass of short, 
thick roots (hence the name “ Bird’s-nest ”), and the fleshy upper part 
of the stem, ending in a raceme of flowers, bears small yellowish-brown 
scales instead of green leaves. Monotropa belongs to the Heather family 
(Ericaceae), while Neottia is allied to the Twayblade Orchid ( Listera ). 

In both cases the plant is unable to grow in soil which contains no 
organic matter, and it is enabled to make use of this matter for nutrition 
by the help of a “ fungus-servant.” Some of the fungus -threads which 
permeate the loaf-mould form a dense matting on the surface of the 
roots of Monotropa , and in Neottia these threads penetrate the roots 
and actually grow inside the living cells of the cortex. In this way 
the higher plant is supplied with soluble organic food which it could 
not absorb in the ordinary way by means of root-hairs. 

In these two plants it appears that the whole of the food is obtained 
by the aid of the fungus-threads. The fungus by its association with 
the roots also gains certain advantages — e.g. shelter from drought — so 



Fig. 145. Young Mistle- 
toe Plant, with Twig 
of Host-Plant in 
Section. 
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that the arrangement is an example of symbiosis, i.e. a union or associa- 
tion of two organisms in a common life, both deriving benefit. This 
particular kind of symbiosis, namely, an association of a fungus with the 
roots of a higher plant, is called a mycorhiza. Symbiosis must be 
carefully distinguished from parasitism, where one organism lives at 
the expense of another. 

There is no dividing line between total and partial saprophytes; even 
Neottia has some chlorophyll. 

33. Partial Saprophytes also obtain food by means of a mycorhiza; 
but since they have green leaves, and therefore carry on photosynthesis, 
the higher plant is not so completely dependent on its fungus-servant. 
The roots of most forest-trees, and of many other plants which grow in 
the rich humus of woods and plantations, have an external (edophylic 
or ectotrophic) mycorhiza like that of Monotropa, while in Ericaceae 
(Ling, Heaths, Bilberry, etc.), the mycorhiza is usually internal (endo- 
phytic or endotrophic) as in Neottia. Most of the plants growing in the 
peaty soil of heaths and moors have raycorhizas; this is the case, for 
instance, with moorland grasses, though apparently not with Sedges 
and Rushes w hich grow in the wetter boggy parts. 

In the case of partial saprophytes, it is probable that the free fungus- 
threads which project from the surface act as root-hairs, and absorb 
water and inorganic salts in addition to organic compounds. The latter 
are probably chiefly absorbed for the sake of the nitrogen they contain, 
since the green plants can absorb carbon dioxide from the air. Plants 
provided with a mycorhiza produco few or no root-hairs, since the 
projecting fungus-threads form a far more effective means of absorbing 
food-materials. 

34. Assimilation of Nitrogen by Leguminous Plants. — The free nitrogen 
of the atmosphere, although abundant, is not made use of by the green 
plant. There is, however, one important family of flowering plants, 
the Leguminosae (the Pea, Bean, Clover family), in which the nitrogen 
of the atmosphere is indirectly used. 

It was for a long time recognised that leguminous plants would readily 
grow in a soil containing little or no combined nitrogen, and that as a 
matter of fact the soil was often richer in nitrogen after a logurainous 
crop had been grown. These facts, which were at first extremely 
puzzling, have now been explained. Numerous small nodules or 
tubercles are found on the roots of these plants. When the tubercles 
are examined they aro seen to be filled with small oval unicellular bodies 
called bacterioids (or bacteroids). These are the hypertrophied cells of 
a bacterium Bacillus radicicola Rod -like cells of the bacillus are always 
present in the soil and infect the roots of leguminous plants through the 
root-hairs. In the root-hairs they give rise to fine tubes which, making 
their way into the cortical tissue, stimulate it to active growth and thus 
lead to the formation of tubercles. The developing tubercles are rich 
in starch, and later each receives a branch from the vascular bundle of 
the root (see Fig. 140). 
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The bacteroida which are found in the fully grown tubercle are 
developed inside the invading tubes. Analysis shows that the tubercles 
are very rich in nitrogenous substances, also in potash and phosphorus, 
and they seem to develop best in soils which are poor 
in nitrogen compounds. The tubercles do not develop 
in plants grown in garden or field soil which has been 
heated so as to kill any organisms present in it. On 
the other hand, they grow on roots of plants which 
have been germinated in garden soil and then placed 
in culture solution. 

There can be no doubt that we have here an 
example of symbiosis. The bacteroids apparently 
make use of the free nitrogen of the air, and bring it 
into combination, just as some bacteria in the soil do 
(p. 170); and it is probable that, while the leguminous 
plant gets the benefit of the nitrogen-compounds 
formed, the bacteria are supplied with carbohydrates 
(sugar) manufactured by the green plant. The 
arrangement may be regarded as a special kind of 
mycorhiza. 

35. Carnivorous or Insectivorous Plants obtain part 
of their nitrogenous food by catching insects in various 
ways, by means of modified leaves, and afterwards 
absorbing the soft parts of the insects. Among the 
Indian insectivorous plants ire Pinguicula , Drosera , 
Utricularia and Nepenthes . 

The Butterwort ( Pinguicula ) is represented in India 
by P. alpina, in the Alpine Himalaya. The plant 
has a basal rosette of broad leaves, whose upper surfaces are covered 
with sticky glands, while the margins are rolled inwards slightly. Small 
insects are caught by the sticky secretion and washed by rain to the 
edge of the loaf, which curls inwards and encloses them; the glands 
secrete digestive ferments, absorb the products, and the leaf becomes 
unrolled again. 

Drosera (Sundew) is found in the plains, Himalaya and Nilgiris. 
Its leaves bear numerous stalked glands or tentacles which secrete 
a sticky fluid (Fig. 147). If an insect adheres to the tentacles, they 
bend down upon it and pour out a fluid which has the power of digesting, 
and rendering soluble, albuminous or protein substances (white of egg, 
meat, etc.) in a similar manner to that occurring in the stomach of an 
animal. The secreted fluid is re-absorbed, together with the soluble 
nitrogenous products (peptones). When digestion is completed, the 
tentacles resume their former position, and are then ready to oapture 
another insect. The tentacles may be stimulated to movement by 
continued contact with any solid substance, but apparently no digestive 
fluid is secreted unless a suitable organic substance — e.g. a piece of raw 
meat or of boiled egg-albumen — is placed on the leaf. 



Fig. 146. Hoot 
of Bean, 

SHOWING 

Koot-tubee- 
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The Bladderwort ( Utricularia ) is a submerged water-plant which has 
no roots; the submerged parts show no clear division into leaves and 
branches, but are finely divided, and the flowering 
shoots project above the? water. The submerged 
parts bear curious bladders (modified leaf -seg- 
ments) each with a trap-door or valve which 
is easily opened by a push from the outside, so 
that small animals (insects, wator-mites, water- 
fleas, etc.) cannot escape once they have entered 
the bladder. When these animals die, their soft 
parts decay and are absorbed by branched hairs 
which occur on the inner surface of the bladder. 

Venus’ Fly-trap (Fig. 148) is a native of 
Carolina, where it grows in peat-bogs; it is often 
cultivated in hothouses. The leaves are two- 
lobed, and the midrib acts as a hinge. Each 
lobe bears on its upper surface three long 
sensitive hairs. When one of these is touched 147 Leaf 

by an insect, the two lobes of the leaf snap ' Dwsera 
together and capture the insect. Digestion TuntacleB ex dod on 
occurs as m bundew. ihe leaves of Venus the light ; partially in- 
Fly-trap are only slightly sensitive to chemical flexed over an insect on 
stimuli, but if the closing of the lobes has been left - 

caused by an insect they press tightly against 

each other and hold the insect fast, whereas the closing remains incom- 
plete, leaving a wide space between the lobes, if the hairs have been 
touched by, say, a pencil. In the latter case the leaf opens again, but 
if an insect has been caught the leaf remains closed until the digested 
products have been absorbed. 




Fig. 148. Venus’ Fly-trap ( Dionaea muscipula ). 

In the Pitcher Plants, of which Nepenthes (Fig. 149) is the best known 
example, the whole or a part of the loaf is developed as a pitcher, with 
a lid attached to one side of the opening. The pitcher may be regarded 
as a long tubular peltate lamina. The bottom of the pitcher contains 
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water, usually swarming with bacteria, and, in Nepenthes , a digestive 

fluid (pepsin) is secreted, 
so that the insects fall- 
ing into the liquid are 
first drowned and then 
digested. 

In Sarracenia(Fig. 150) 
there is no ferment; the 
bodies of the insects are 
decomposed by the action 
of bacteria, and the solu- 
ble products absorbed. 

In these and other 
Pitcher Plants the lids 
of the pitchers are often 
brightly coloured and 
serve to attract insects, 
but they have no power 
of movement, and can- 
not close when once 
they have opened. The 
PITCHER r j m 0 f tli 0 pitcher also 
bears honey-glands, 
which help in attracting 
insects; below the rim 
there comes a zone 
Fig. 149. Pitcher of Nepenthes covered with small 

glands sunk in pits on 

the inner surface of the pitcher, then comes a smooth 
slippery region, the lower part of which has hairs 
pointing downwards, and finally the lowest part con- 
taining water. Insects crawling over the gland-bearing 
upper region soon reach the slippery zone, and are 
prevented by the hairs below this from crawling up 
again, so that they eventually fall into the liquid and 
are drowned. 

Most insectivorous plants have enough chlorophyll 
to enable them to make all the organic food they need, 
and they can grow quite well when not supplied with 
insects. When fed with insects, raw meat, or boiled 
egg, however, the plants become stronger, flower 
more freely, and produce stronger and more numerous 
seeds. Most insectivorous plants grow in poor swampy 
soil, which is usually deficient in nitrates and other 
available nitrogen-compounds. By the capture and 
digestion of insects they obtain supplies of nitrogen- 
ous food independently of the soil, and can in Fig. 150. Pit- 
this way grow in localities which would otherwise oher OF Sar- 
be unsuitable. racenia. 





CHAPTER VIII. 


THE PLANT AND ITS ENVIRONMENT. 

1. Irritability is one of the fundamental properties of 
protoplasm; in other words, it belongs to the nature of living 
protoplasmic substance that it is capable of receiving impres- 
sions from, i.e. of being stimulated by, various external 
influences and of making certain responses to these stimuli. 
The consideration of this fundamental property opens up the 
whole question of the plant’s relation to its environment. It 
is this property which brings the organism “ into touch ” with 
its surroundings. On it ultimately depends the harmony 
which is everywhere exhibited between a plant and its 
environment. 

The mature organs of plants, in many cases, make responses 
to the action of external stimuli, but such responses are best 
exhibited by the growing organs. In growth the vital activity 
of the protoplasm is constantly subjected to, and modified by, 
the stimulating influence of external agencies. 

The response made is commonly of the nature of a move- 
ment more or less definite. Such movements due to external 
stimuli are called induced movements , and are to be distin- 
guished from the spontaneous movements referred to on 
p. 205. 

2. Plant Movements. — These may conveniently be classified 
as follows — 

(a) Autonomic movements, which are spontaneous, such as 
nutation of a growing stem, streaming of protoplasm 
in cells, and so on. 
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(b) Irritability-movements, which are definite responses to 
external stimuli. They are subdivided as follows: — 

(1) Tropic movements , or Tropisms (Gk. Tropos , a turn- 

ing), which are growth-turnings caused by light, 
gravity, etc., and performed by organs capable of 
responding in any direction , such as turning of roots 
downwards by gravity. 

(2) Nastic movements are similar to tropisms, but the 

curvature produced is restricted to a definite plane 
or side of the organ by reason of its bifacial struc- 
ture; for example, liverworts are usually shaped 
like a saucer upside down on the ground; this is 
because the upper surface grows more quickly than 
the lower, and this causes the curvature. It does 
not matter much from what angle the light comes; 
the response is not directional. This is epinasty; 
when the curvature is upwards, it is hyponasty. 

* (3) Tactic Movements , unlike the previous two, are move- 
ments of entire organisms, often by swimming. 
Thus chernotaxy includes the swimming of fern- 
sperms towards the chemical substances produced 
by the archegonium; but the growth of a pollen- 
tube into a stigma, or a fungal thread into its food, 
would be chemotropism. 

The conditions for movement are — 

(1) Temperature. — Movements will only occur within a 

given range. 

(2) Oxygen. — Since oxygen is necessary for the respiration 

that produces energy for the movement. 

(3) N on-fatigue. — If a stimulus is applied too much, the 

response fails, owing to “ fatigue.” 

(4) Water. — An organ must be fairly turgid, usually, to 

give its normal response. 

3. Stimuli. — By a stimulus is meant any disturbing external 
influence which excites a response on the part of the plant. 
We have seen that a suitable temperature, a supply of oxygen 
and water, and also frequent exposure to light are essential 
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conditions of healthy development in ordinary green plants. 
The vital functions cannot be discharged at all when they are 
wanting. The irritability of the protoplasm also depends on 
these conditions. This normal influence of light, etc., on 
which all vital activity depends, may be spoken of as a tonic 
influence. Apart from this, however, a stimulating influence 
may be exerted when any one of these factors varies or alters 
in any way. Other stimuli are gravity, and mechanical 
contact or pressure; and plants can also respond to various 
chemical stimuli. 

4. Light .—The protoplasm of a green plant, as we have 
indicated above, is in a healthy condition — a condition of 
tone — only if sufficiently exposed to light. The protoplasm 
loses its irritability, and a pathological condition is established, 
if the plant is kept for some time in darkness. The healthy 
condition due to sufficient exposure to light is known as 
phototonus. For each plant there is a certain intensity of light 
for which this healthy condition is best established. We have 
more especially, however, to consider the stimulating action 
of light. 

(a) Phototaxis. — Thisisw T ell 
shown by the action of light I m Jg j§ 
on the chloroplasts in the 

palisade cells of leaves. In ^ _ 

weak light the chloroplasts Fig. 351. A, Epistrophe; B, 
place themselves along the Apostrophe. 

outer and inner walls of the Ch,oroi>la8t8 (d " k a dt ^f. in palisade cell “ 
cells and are therefore as 

freely exposed as possible to the light. This arrangement, or 
rather this movement by the chloroplasts, is called epistrophe. 
In bright light the chloroplasts place themselves along the 
lateral walls of the cells and are therefore more or less screened. 
This is apostrophe (see Fig. 151). The biological import of 
this will be evident if the student remembers that intense 
light causes decomposition of chlorophyll, and in apostrophe 
most of the light and heat pass down into the mesophyll, and 
some out at the bottom of the leaf, thus saving the palisade 
layer from being overheated. 
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(b) Photonasty ; Nyctinasty ; Paratonic Influence of Light . 
— Variation in the intensity of light acts as a stimulus on 
plant-members, mature or growing. This is called the 
paratonic influence of light. For example, movement is in 
many plants induced by variation in the intensity of light 
and temperature associated with the alternation of day and 
night. Many leaves which are freely expanded during the 
day droop and turn their edges upwards at night; if the 
leaves are compound, the leaflets close up. These variation- 
movements are spoken of as nyctinastic or “ sleep-movements” 

We have examples in the leaves of the Sensitive Plant, 
Wood Sorrel, Bean, and Clover. The drooping or closing-up 
of the leaves is brought about by a change in the turgidity 
of the parenchymatous cells of the pulvinus (p. 138). The 
significance of the movements is that at night the leaves lose 
less water by transpiration, and are protected from cold. 

The same or similar movements may be induced in these 
plants during the day by increased illumination. When the 
light becomes too intense the leaves either assume the drooping 
night position, or bend upwards and present their edges to 
the light. In this position (known as “ diurnal sleep ”) the 
leaves are protected from the heating effects of the sun, and 
the chlorophyll from the decomposing action of light. 

In many flowers also movement is induced by variation in 
the intensity of light (Photonasty). Thus the flower of the 
Red Campion and the inflorescences of the Daisy and Dandelion 
close at night. Other flowers like the Evening Campion close 
during the day when exposed to bright light, and open at 
dusk. The significance of the movements which are brought 
about by unequal growth of the lower and upper surfaces of 
the floral leaves (they are growth movements not variation 
movements) is explained, partly by the necessity for the flowers 
being protected from marauding insects and from various 
injurious external influences (wet, cold, etc.), partly by the 
conditions of pollination by insects. 

The general paratonic influence of light is to retard the rate 
of growth in length of stems, roots, and leaves. Larger leaves 
and longer stems are found in shaded plants than when 
exposed to bright light. This has reference, of course, to 
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plants which are in a healthy condition, for which a certain 
amount of light is necessary. When green plants are grown 
continuously in darkness, a pathological condition is estab- 
lished (the etiolated condition, p. 190), in which the stems 
grow enormously in length at the expense of the leaves. 

(c) Heliotropism or Phototmpism. — Light also exercises a 
stimulating influence on the direction of growth. This influence 
depends, not on the varying intensity of light, but on the 
direction of the incident rays. Speaking generally, radial 
members t-end to place their long axes parallel to the incident 
rays. This rnay be effected in two ways. The apex of the 
growing member may grow either towards , or away from , the 
light. Here we are considering the phenomena of heliotropism. 

Heliotropism may be defined as the response made by a 
member, as regards the direction of its growth, to the stimulat- 
ing influence of light. There is positive heliotropism if the 
member turns towards the light, negative heliotropism, or 
apheliotropism, if the member turns away from the light. 
Most radial stems and centric leaves are positively heliotropic; 
most roots are negatively heliotropic. 

A good example of heliotropism is seen when a plant is 
grown in a window. It will be noticed that, unless the plant 
be constantly turned round, the stem bends over towards the 
light. This was formerly ascribed to the retarding action of 
light on growth. It was thought that the bending was due 
simply to the shaded side growing faster. No doubt the 
convex side of the stem does exhibit more rapid growth, but 
the explanation given is inadequate, seeing that it fails to 
account for the phenomena of negative heliotropism. All we 
can say is that these members, under the stimulating action 
of light, respond by tending to place their long axes parallel 
to the incident rays. 

The behaviour of bifacial leaves and other dorsiventral 
organs is different. They usually respond by tending to place 
their surfaces at right angles to the incident rays. This is 
called diaheliotropism. 

With regard to the biological significance of the phenomena 
of heliotropism there is no difficulty. The stem, by bending 
over towards the light, supports the leaves in the most 
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favourable position for receiving the light. This is seconded 
by the diaheliotropism of the leaf. The root, by being 
negatively heliotropic, has the best chance of reaching the 
soil. 

During their growth plant-members take up a definite light-position, 
which, except in cases where the adult members can exhibit movements, 
is a fixed one. It has to be noticed that the fixed light-position assumed 
by leaves is such that they turn their ventral (upper) surface in the 
direction not of the brightest light, but of the brightest diffused light 
to which they are exposed. Most leaves, therefore, if the plants are 
growing freely exposed to light, are more or less nearly horizontal. 
But, if plants grow exposed to light of great intensity, this position may 
be departed from, and the fixed light position may oven be a vertical 
one in which the surfaces arc directed east and west as in the “ Compass 
Plants ” Silphium lacinialum and Lactuca Scariola. This vertical 
position is often found in the leaves of tropical plants, and it is also 
characteristic of phyllodes (p. 152). It has the same significance as the 
position assumed by mature leaves in “ diurnal sleep ” (p. 220). 

The rays of light which are chiefly concerned in producing 
these stimulating effects (paratonic and heliotropic) are the 
blue and violet rays. 

Exp. 63 .* — Put a Geranium or Sunflower, which has been growing out 
of doors, in a pot, and set the pot in a window exposed to a good light. 
Observe in a few days the position assumed by the younger leaves, and 
the growing region of the stem. 

Exp. 64 . — Cover a glass jar outside with black paper or cloth, leaving 
a narrow vertical chink on one side. Pour a little water into the jar, 
and fix a bean seedling to a long pin passing through the cork (see 
Exp. 59, p. 207). Place the seedling horizontally and at right angles 
to the chink. Expose the jar to light, and observe after a day or two 
that the shoot bends towards the chink, the primary root away from it. 

Exp. 65. — Pass the roots of germinated Cress, Radish, or Linseed 
through holes in muslin tied over a tumbler filled with water. Set the 
tumbler close to a window, or in a box with a vertical slit in the side 
turned to the light. Observe the direction in which root and shoot 
grow with regard to the light. 

Exp. 66. — Show that “ sleep-movements ” may be induced in the 
daytime by covering a Clover plant (growing out of doors or in a pot) 
with an opaque vessel, and heaping soil round the rim to exclude all 
light. 
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5. Gravity: Geotropism. — The force of gravity also has a 
stimulating influence on the growth of plant members. Under 
the action of this stimulus primary roots tend to grow down 
in the direction of the force, primary stems up in the opposite 
direction. 

When a seedling is placed in a horizontal position and 
protected from the action of light, it is found that curvature 
takes place in the growing region of stem and root, so that 
the former turns upwards, the latter downwards. It has 
been proved that it is the tip of the root that is the irritable 
region; but the curvature, which takes place with considerable 
force, occurs in the region behind this, where the cells are 
rapidly elongating. The same is true of the stem. It must 
be clearly understood that the curvature is not due in any 
way to the weight of the part, but that the force of gravity 
in some way or other stimulates the protoplasm of the growing 
region and excites a definite response. 

The response made by growing members, as regards the 
direction of their growth, to the stimulating influence of gravity 
is called geotropism. Primary roots are positively geotropic; 
most radial stems and vertical leaves are negatively geotropic. 
It is evident that when a stem or root shows geotropic curva- 
ture, there is increased growth on one side and retarded growth 
on the other. Thus, when a seedling is grown in a horizontal 
position, and curvature of root and stem occurs, it is the 
upper surface in the root that grows faster, the lower surface 
in the stem. 

Dorsiventral members (e.g. leaves, creeping stems, lateral 
branches of some trees) make a different response to the 
stimulus of gravity. They tend to place themselves at right 
angles to the direction of the force, and are said to be dia- 
geotropic. Leaves, however, respond more strongly to the 
directive influence of light than to that of gravity. Lateral 
roots are also usually regarded as more or less diageotropic, 
but, as a matter of fact, they are scarcely influenced by 
gravity; they grow outwards from the parent root, and may 
be described as exotropic . The advantage of this is obvious; 
it enables the root-system to occupy, as thoroughly as possible, 
the part of the soil in which the plant is growing. 
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That the opposite tendencies of primary root and stem referred to 
are to be ascribed to gravity has been determined by experiment. There 
is a machine called the clinostat consisting essentially of a vertical plate 
or disc mounted on a horizontal axis. A plant is attached to the disc 
so that its axis is horizontal, and the disc rotated slowly . A little 
reflection will show that the normal influence of gravity is eliminated, 
as each side of the axis is, in turn, directed downwards. It is found 
that stem and root grow' in the directions in which they are placed (see 
Fig. 152). 



Fig. 152. A Simple Form of Kltnostat. 


Another experiment is to attach a plant to a wheel which rotates 
rapidly and horizontally. Here another force — “ centrifugal force ” — 
somewhat similar to gravity, comes into play. If the opposite tenden- 
cies of root and stem are to be ascribed to gravity, we should expect 
similar tendencies to be exhibited under the action of “ centrifugal 
force.” This is the case, for under the combined action of gravity and 
centrifugal force the root bends obliquely outwards, the stem obliquely 
inwards. The statolith theory is an attempt to explain these phenomena 
by supposing that large, heavy starch -grains settle to the bottom of 
cells, and excite them to produce the tropism. Single crystals of 
calcium oxalate in the cells at the bases of the internodes in wheat have 
recently been regarded as statoliths. 

Twining stems show another form of geotropism. When 
the young slender stem of a twining plant bends over it is not 
the upper or lower surface which grows faster, but either the 
right side or the left side. The result is that the stem begins 
to sweep round in a widening circle. This is known as lateral 
geotropism* The revolving motion gives the stem a chance of 
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reaching a support. The twining of the stem is partly due to 
the same cause, but that negative geotropism also plays a 
part is indicated by the upward growth of the stem on the 
support. 

In most cases twining only occurs round supports which are more 
or less erect, and are not above a certain, thickness, for the stems of 
twining plants have a strong tendency to ascend directly upwards by 
the shortest possible path. In most twiners, e.g. the Convolvulus 
(Calystegia sepium) and Scarlet Runner, the direction of twining, as 
seen from above, is opposite to the hands of a watch ; but in a few, e.g. 
Hop, Black Bryony, and H oneysuckle, it is in the same direction. 

Exp. 67. — Fix a seedling Pea inside a glass jar containing a little 
water so that its axis is horizontal. Cover the jar so as to exclude 
light. After a day or so observe the curvatures of root and stem. 
The region of curvature may be determined by marking the root with 
Tndian-ink, as described in Exp. 50, p. 207. 

Exp. 68. — Get a test-tube with a cork, and to the cork pin a Pea 
seedling with a straight radicle 2 in. long; put a strip of blotting-paper 
in the tube, and run in water to soak it. Fix the seedling in the tube 
with its radicle pointing to the closed end, and keep the tube inverted 
so that the radicle points vertically upwards. Observe after a time 
that the tip of the radicle bends over so as to be directed downwards. 
Repeat the experiment, but first with a razor cut off the extreme tip of 
the radicle. Notice if any curvature follows. 

Exp. 69. — Grow Bean or Pea seedlings in a box with a glass front 
sloping downwards and inwards. When the secondary roots have 
grown out, mark on the glass the positions of a few of these, also of the 
main root; note especially the position of the tip of each root. Then 
tilt the box up at an angle of about 45°, and notico how main root and 
side roots change their direction of growth. 

Exp. 70. — Fix a seedling Pea or Bean to the side of a small dish con- 
taining mercury with a layer of water upon it. Let the primary root 
lie horizontally in the water. After a time observe that the tip of the 
root bends over and grows down into the mercury, notwithstanding the 
resistance offered by the latter owing to its high specific gravity. 

Exp. 71. — Grow a Scarlet Runner seedling in a pot, tying the lower 
part of the stem to a stick, and when about 6 in. of the stem project 
beyond the stick bend this free part over so that it hangs horizontally. 
Place a sheet of paper below the pot and draw lines radiating from the 
centre of the pot; then find the direction in which the free part of the 
shoot points, and notice the rate at which it swings round. A healthy 

I. BOT. 15 
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plant will make a complete circle in about two hours. Provide a similar 
seedling with a long stick, and notice that the direction of climbing is 
the same as that of the swinging movement of the free end. 


6. Hydrotropism* — Roots arc sensitive to variations in the 
amount of water in their neighbourhood. They respond by 
bending in the direction of the water, and are therefore 
\ positively hydrotropic. Here also the tip of the root is the 
sensitive part. The presence of water is a more powerful 
stimulus than the force of gravity. 

Exp. 72. — Grow seeds in wet sawdust in a box with a bottom of 
wide-meshed wire gauze. Hang up the box. Under the stimulus of 
gravity the radicles grow down through the gauze into the dry air; 
but, owing to hydrotropic influence, they soon curve back and grow 
along the surface of the gauze. 

7. Contact* — It can often be observed that mechanical 
contact acts as a stimulus to many plant-organs. This 
sensitiveness to contact is well shown by root-tips, tendrils, 
and one or two twining stems ( e.g . Dodder). 

When a growing root encounters some obstacle, e.g. a stone, 
its growth is so stimulated that it becomes convex at the 
point of contact and thus is turned away from the obstacle. 

When a tendril, in the course of its nutating movement 
(p. 207) touches some object it becomes concave at the point 
of contact. This is due to the stimulus being transmitted to 
the opposite side of the tendril, there producing increased 
turgidity and growth of cells. More of the tendril is thus 
brought into contact with the object, and, if the latter forms 
a suitable support, the process is continued and the tendril 
twines round it. At the same time the part of the tendril 
below the point of attachment becomes spirally coiled, and 
strengthened by the lignification of the tissues. Since the 
tendril is fixed at both ends during coiling, it follows, from 
purely physical reasons, that, if a right-handed spiral is formed 
in the upper part, there will be a reversed or left-handed spiral 
in the lower part. This coiling of the tendril below the point 
of attachment not only serves to raise the plant, but also acts 
like a spring in diminishing the effects of strain or shock. 
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Some tendrils are sensitive at all points. Others show a 
curved hook-like extremity, sensitive only on the concave 
side. Tendrils, unlike most twining stems, may attach 
themselves to supports inclined at a considerable angle to 
the vertical. 

The leaves of Drosera and Venus’ Fly-trap are sensitive to contact. 
In the Barberry the stamens are sensitive at the base and spring up 
when touched by an insect. When the leaf of the Sensitive Plant is 
touched the leaflets close up and the whole leaf hangs down (the normal 
night-position — see Pig. 153). 

Exp. 73 .-—Notice that young 
tendrils of Vetches, Sweet Pea, 

White Biyony, etc., which have 
not yet become attached, show 
a slight hook at the free end. 

Rub the concave side of the 
hook with a pencil, and notice 
that this part soon begins to 
curve (White Bryony and 
Passion-flower show this very 
quickly), and in a few minutes 
form a complete coil. Rub the 
outer (convex) side of the hooked 
end of another young tendril, and notice that no bending occurs; the 
convex side is not sensitive to contact. 

Exp. 74 . — Fill a glass funnel with moist soil or sawdust. Plant some 
seeds close to the glass near the top of the funnel, and fix various 
obstacles an inch or so below them. Notice that the roots diverge 
from their course only so much as is absolutely necessary to avoid the 
obstacles, and resume their original course as soon as they have passed one. 

Exp. 75 . — With the point of a knife remove a small portion of the 
yolk of a hard-boiled egg, and apply it to one side of the tip of the 
radicle of a Bean-seedling ; fix the seedling vertically in a jar containing 
some water at the bottom, and keep in darkness. After a few hours, 
see whether any curvature has taken place, and, if so, in what direction. 
The one-sided irritation, due to the presence of the foreign substance, 
exerts a stronger influence than that of gravity, and causes the bending 
of the root. 

8. Heat, like light, exerts a tonic influence on plants. If a 
plant is exposed to an unsuitable temperature the protoplasm 
loses its irritability, and all vital processes cease. 



Fig. 153. Mimosa Leaf. 

A, open ; B, when touched. 
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There is for each vital process in the plant (respiration, photosynthesis, 
etc.) a minimum temperature at which it begins, and a maximum tem- 
perature at which it ceases, provided the other conditions necessary for 
the process are fulfilled. The range of temperature for each process 
differs in different plants. Speaking generally, for plants in temperate 
climates, the range of temperature within which vital activity can 
manifest itself, is from about 0° C. to about 50° 0. Any marked fall 
or rise of temperature beyond this range inhibits the action of the 
protoplasm, either by freezing it or by coagulating it. 

The belief is current that there is also a certain optimum temperature, 
between the upper and lower limits, at which each process goes on most 
actively. In the light of recent research, however, this view can no 
longer be maintained. Each vital function of the plant is a complex 
process governed by the presence of a plurality of factors, the action of 
each factor depending upon the presence of all the others. Thus light, 
00 2 , and heat are essential for photosynthesis, and just as the strength 
of a chain is limited by its weakest link, the amount of photosynthesis 
will be limited by the factor which is present in the least efficient 
quantity. An increase of the temperature alone, or even of both 
temperature and light, may not lead to any appreciable increase in the 
amount of photosynthesis. But as soon as we increase the C0 2 supply 
also, there is a sudden increase of photosynthesis: the C0 2 supply was 
acting as a limiting factor. A little careful thought will show that we 
cannot speak of the independent efficiency of a solitary factor in a 
function which is governed by a number of factors. 

The death of the protoplasm by cold or heat depends 
largely on the amount of water present. As a general 
rule, the greater the quantity of water present the more 
easily is the protoplasm injuriously affected by extremes of 
temperature. 

Thermonasty . — Sudden variation of temperature may act 
as a stimulus. The flowers of Tulip or Crocus, for example, 
open when there is a rise of temperature. When the tempera- 
ture falls the perianth leaves fold together again. The move- 
ment is due to the fact that above a certain temperature the 
inner surfaces of the perianth leaves grow more rapidly than 
the outer, so that the leaves spread apart. At a lower tem- 
perature the reverse effect is produced ; the leaves slowly fold 
together, causing the flower to close, and thus to a large 
extent protecting the essential organs from the effects of 
frost. The opening movement is usually more rapid than 
the closing one, owing to the more rapid growth at the higher 
temperature. 
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Exp. 76. — Place Rome dry beans in a dry test-tube, and others which 
have been soaked in water for two days in a test-tube half filled with 
water; cork both tubes, and immerse them in a beaker placed on a 
sand-bath and kept at 60° C. for two hours. Try several different 
temperatures and times. Then soak the dry seeds in water for a day 
or two and sow both lots. Carry out the experiment again, using a 
mixture of ice and salt instead of hot water. The results of these 
experiments will show that dry seeds can withstand high or low tem- 
peratures that are fatal to soaked seeds. 

9. Chemotropism or sensitiveness to chemical stimuli, is 
shown by the leaves of Sundew and Venus’ Fly-trap (see p. 
215). Another example is found on p. 281. 

10. Mechanism of Movement.— It is probable that in all cases of 
movement or curvature stimuli produce their effects by inducing a 
molecular change in protoplasmic substance, and thus bringing about 
an altered condition of turgidity. This is certainly true so far as the 
movements of mature organs are concerned (movements of variation); 
but it probably also holds good for growing organs where the curvatures 
are due to inequality of growth on the two sides of the growing organ, 
for, as we have seen, turgidity is an essential condition of growth. 

Sometimes the effects produced are clearly out of all proportion to 
the stimuli. This can be explained only by concluding that the effects 
of a stimulus may be transmitted to a considerable distance from the 
point of origin. There is difference of opinion as to how this is effected. 
In the case of variation movements it can be explained as due to hydro- 
static pressure brought about by water being forced from the cells into 
the intercellular spaces. According to some, however, in these and other 
cases the stimulus is transmitted by means of the living protoplasm of 
the cells, which thus discharges a rudimentary nervous function. 

11. Germination of a Seed. — We give here a summary of 
the phenomena presented in the germination of a seed, as 
they illustrate some of the more important processes with 
which we have been dealing in this and the preceding chapters. 
The conditions necessary for germination are : moisture, access 
of air, a suitable temperature (p. 66). 

The seed absorbs a large amount of water and begins to 
swell. Given a suitable temperature, chemical changes are 
initiated inside the seed. Ferments are produced and the 
digestion of storage food-material begins. Oxygen is absorbed 
and katabolic processes are active. The living protoplasm 
builds up its substance at the expense of the soluble products 
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of digestion, and rapid growth takes place. The seed-coat is 
ruptured. The primary root grows out; being negatively 
heliotropic and positively geotropic it grows down into the 
soil, and produces branches and root-hairs. The plumule 
escapes from the seed, owing to the elongation of either the 
hypocotyl or the stalks of the cotyledons, and, being positively 
heliotropic and negatively geotropic, grows upwards, and 
comes above ground. In the presence of light, chlorophyll is 
developed and carbon-assimilation begins. 

12. Adaptation to Environment.— We have now seen that 
plants can respond to external influences. The reponses so 
far considered have taken the form of movement or curvature 
of various kinds, and sufficient has been said to show that they 
are not erratic and meaningless, but have a profound biological 
significance. But plants respond in many other ways to their 
environment, all more or less significant, and apparently 
purposive. Indeed, the whole structure and organisation of 
plants may be regarded as giving evidence of such response, 
for it is believed that the wonderful adaptation, which is 
everywhere exhibited by plants as a whole, as well as by 
individual plant members, has arisen during the course of 
ages through the constant interaction between plants and their 
environment. 

We cannot at present enter into this wider question of the 
adaptation of plants to their environment (see Chaps. XVII. 
and XXI.). It will be convenient, however, to give here a 
few general examples, more especially as, by so doing, we can 
bring together various points that have been incidentally 
touched on in previous chapters. 

Adaptation of Leaves. — Consider the adaptation of an ordinary 
bifacial foliage leaf. Its flattened form gives it a large surface and 
enables it to absorb the necessary supply of carbon dioxide. It is 
held in the position which is most favourable for catching the rays 
of sunlight. The epidermis, which has a more or less well-developed 
cuticle, often also a layer of wax (bloom), prevents excessive evapora- 
tion. Both palisade and spongy mesophyll cells, containing numerous 
chloroplasts, are adapted for assimilation. The palisade tissue towards 
the upper surface is adapted to protect the plastids from the effects of 
too bright light. The spongy tissue, with numerous spaces communi- 
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eating with stomata on the under surface, is specially fitted for carrying 
on the processes of respiration and transpiration. The spreading veins 
convey watery solutions to all parts of the mesophyll, collect the 
elaborated products, and at the same time servo in the best way to 
support the leaf-tissue. This supporting and strengthening function is 
also discharged by ribs or masses of sclerenchyma developed in the 
mesophyll. 

Leaf-Mosaics . — The examination of the forms of leaves and of their 
arrangement affords an interesting study in adaptation. In trying to 
find reasons why leaves have such varied forms and arrangements the 
main fact to remember is that leaves require to catch as much sunlight 
as possible, especially in countries where the number of hours of sunlight 
is limited. 

In many British plants the leaves tend to fit together like the bits of 
glass in a mosaic, so as to avoid shading each other and to lose as little 
sunlight as possible. This tendency is easily seen in plants whose leaves 
are crowded together and form a rosette close to the ground — e.g. Daisy, 
Hawk weed, Plantain, London Pride; in many plants with whorled 
leaves — e.g. Woodruff; in twigs of many trees — e.g. Horse Chestnut, 
Beech, Elm, Lime; in twigs of plants which creep along a wall or bank 
— e.g. Ivy. This may perhaps bo correlated with the fact that the growth 
of a leaf largely depends on the amount of light it receives. 

At the same time it is necessary to bear in mind that other factors 
influence the shape and arrangement of leaves, e.g. the necessity of being 
able to withstand high winds, to carry away rain which falls on the 
blade, etc. We frequently find, for example, that the leaves are 
adapted by the possession of grooved petioles, auricled base, etc., to 
conduct rain-water inwards to the stem down which it trickles to the 
ground; while in other plants the lower leaves have longer petioles and 
all the leaves have acuminate apices, so that the rain-water drips from 
leaf to leaf and is conducted outwards. 

Spines , Prickles , and Hairs . — Prickles serve to protect the plant; 
but they often do more, especially when they curve downwards as they 
do in the Rose and the Bramble, for in this case they are so many hooks 
that help to support the stem, and therefore assist the plant in climbing 
among the surrounding bushes and herbage. 

Glandular hairs are frequently sticky; in this case they are of use as 
a protection against obnoxious creeping insocts, which are frequently 
caught and retained by the secretion. The hairs present on the stem 
are always cuticularised, and when the cuticularisation is very pro- 
nounced they become almost impermeable to water. In such cases 
they may serve to protect the plant, and especially the young growing 
organs, from an excessive loss of water. 

Hairs, when thickly set, help to cut off sensitive growing organs from 
excessive illumination, which retards their growth and may injuriously 
affect them. Similarly, a close covering of hairs is of some importance 
in retaining heat during the night and thus keeping the plant warm, 
while hairs are also of great value in preventing the surface of the plant 
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from being wetted by rain. The Cliiekweed (Stellar ia media) baa a lino 
of hairs running from node to node down the stem, forming a land of 
staircase down which drops of rain roll, so that they are rapidly led away 
from the upper portions of tho stem. 

The formation and development of hairs and spines depends to a great 
extent on external conditions. Thus, tho same plant that produces 
these parts when growing in a poor, dry soil fully exposed to tho rays 
of the sun, becomes of a much softer and less aggressive character when 
grown in a rich, moist soil. Under the former circumstances the plant, 
by converting some of its buds and leaves into spines, reduces tho amount 
of its foliage, and thus economises its scanty supply of water. At tho 
same time the spines serve to protect the plant from herbivorous animals. 
Many succulent plants, however, which grow in dry situations, such as 
the Stone-crop ( Sedurn ) or the House-leek ( Sempervivum ), show but 
little tendency to form hairs or spines, since they have other means of 
checking transpiration (thick cuticle, etc.). The Rest-harrow ( Ononis 
arvensis) has no spines when grown in rich, moist soil, but in dry, 
exposed situations the great majority of the branches end in hard, 
sharp points. 

Water-plants . — In water-plants, since absorption goes on over the 
whole submerged surface, the epidermis is not euticularised. Further, 
as there is no transpiration, no stomata are developed (except on floating 
leaves, p. 61). Correlated with these features root-hairs and frequently 
even roots are absent, and the tracheal tissue is poorly developed. The 
xylem in aquatic stems (see Myriophyllum , p. 103, is usually central, 
where it best meets the slight pulling strain due to the water. Support 
being given by the water there is little or no sclerenchyma. The leaves 
may be ribbon-like or much divided according as the plants grow in 
moving or in still water; and, as the chloroplasts need no protection, 
they are present in the epidermal cells and palisade tissue is absent. 
Finally the presence of large air-spaces facilitates the passage of air 
necessary for respiration, and gives buoyancy to the plant. 

Xerophytes are plants which show special adaptation for economising 
their water supply. They are typically met with in dry, hot, sandy 
regions where the supply of water is uncertain and the conditions favour 
excessive transpiration; but low barometric pressure at high altitudes, 
and exposure to high winds tend to increase transpiration, while low 
temperature, excess of salt or humus in the soil, etc., reduce root- 
absorption, and thus there may be necessity for economy even in cases 
where water is abundant. Hence xerophytic adaptation is exhibited in 
varying degrees by plants in very different habitats, e.g . rock-plants 
( lithophytes ), shore-plants ( halophytes ), plants growing on mountains at 
high altitudes (alpine plants ), etc. 

Provision may be made for storage of water by the development of 
succulent stems or leaves, and for reduction of transpiration by such 
devices as the crowding of leaves, reduction of leaf surface, the inward 
rolling of leaf -margins, the formation of a thick cuticle, coverings of hair, 
the protection of stomata in cavities, etc. 
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Epiphytes . — Plants which are adapted to live on other plants, hut 
are not parasitic, are called Epiphytes. They usually develop clinging 
roots, which are organs of adhesion, and other roots for obtaining food- 
material. As their water supply is precarious they often show xero- 
phytic characters. A ready method of seed -dispersal is an evident 
necessity; frequently the seeds are carried by the wind or by birds. 
Epiphytes abound in tropical woods and include many orchids. 



CHAPTER IX. 


STRUCTURE OF THE FLOWER.* 

1. General. — The flower may be regarded as a leafy shoot 
highly specialised in adaptation to the performance of repro- 
ductive functions. The function of a flower is essentially to 
produce seed and fruit, and the various parts (stem and leaf 
organs) have been specially adapted to the performance of 
that function. It is necessary at the outset to impress this 
fact on the student. Stem and leaf organs in both vegetative 
shoot and flower have the same morphological value; their 
physiological value only is different. It must not be inferred, 
however, that the floral leaves have been derived from, or 
are modifications of, foliage leaves. 

The only essentially new structures in the flower, from the 
morphological point of view, are the organs — pollen-sacs and 
ovules— which are more immediately concerned in the 
production of seed. These organs may be developed on the 
floral leaves, or on the axis of the flower. They correspond to 
the spore-cases or spore-sacs of lower plants, and it is only 
by careful study of these lower plants that we can arrive at a 
clear conception of their significance and origin. 

The axis (stem portion) of the flower usually shows two 
regions — the pedicel, and the thalamus (also called the torus, 
or receptacle). The pedicel is, popularly, the stalk of the 
flower. It may be present or absent. If present, the flower 
is pedicellate; if absent, sessile. The thalamus, or torus, is the 
portion of the axis to which the floral leaves are attached. In 

* Much of this chapter is intended for reference only. The numerous 
technical terms, descriptive of calyx, corolla, etc., can only be mastered 
when the student has begun the systematic practical study of the 
Families of Flowering Plants. 
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typical flowers there are four sets or series of floral leaves. To 
the outside are the sepals; collectively, they constitute the 
calyx. Internal to these are the petals, constituting the corolla. 
Then the stamens forming the androecium; and finally, in 
the centre of the flower, are the carpels, forming the 
gynaeceum* or pistil. 



A, Longitudinal vertical section of whole flower; B, Longitudinal section 
of a single carpel. 


The common Buttercup is a very convenient type for 
making a first acquaintance with these structures (Fig. 154). 
In the Buttercup the carpels are separate from each other, 
and each shows a hollow basal portion called the ovary, above 
which are the parts known as style and stigma (Fig. 154, b). 
In the majority of flowers the carpels are united and form a 
single compound ovary (see Fig. 162). 

The following facts support the above view of the morphological 
character of the flower: (a) the flower, like an ordinary foliage-shoot, 
arises as a bud, very often in the axil of a leaf (bract), (b) The thalamus 
has the general structure of a stem, and the sepals and petals in their 
structure and development resemble leaves, (c) While in most cases 
the stamens and carpels, having been highly specialised, are quite unlike 
leaves, there are certain conditions in which they become distinctly 
leaf-like. Thus, in many cultivated flowers, e.g. the Rose, the stamens 
are transformed into petals; in the Double Cherry the gynaeceum is 
represented by a tuft of small green leaves; in the Water Lily there is 
a gradual transition between petals and stamens. 


* Gynmcium and gynecium are varieties of spelling in common use. 
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2. The Inflorescence. — The floral, or reproductive region 
of the plant is usually distinctly marked off from the foliage, 
or vegetative region, and is known as the inflorescence. 
Sometimes the main vegetative-axis of the plant passes 
gradually into a single terminal flower, e.g. Tulip and Wood 
Anemone. Here the flower is said to be solitary and terminal. 
In other cases, the flowers are developed singly in the axils 
of ordinary foliage leaves, and are called solitary and axillary. 
These are very simple types of inflorescence. Usually the 
flowers are aggregated on a more or less complex branch - 
system. According to the nature of the branching, and other 
points, many different kinds of such inflorescence are recog- 
nised {e.g. Fig. 155). These will be 
specially considered later (Chap. X.). 

The main or primary axis of the in- 
florescence, together with any secondary 
axes which may be developed (apart 
from the pedicels of the flowers), is called 
the peduncle. This term is applied in- 
stead of pedicel to the stalks of solitary 
terminal, and solitary axillary flowers. 
If the peduncle is an unbranched leafless 
axis which arises from the midst of 
radical leaves and bears flowers at its 
apex, it is called a scape, e.g. the Cow- 
slip. 

3. Bracts, etc. (Fig. 155). — When the 
flower arises as a lateral bud, the axis 
on which it is borne is called the mother- 
axis. This may or may not be the primary axis of the 
inflorescence. The side of the flower which is towards the 
mother-axis (or towards the growing point of the mother-axis) 
is said to be posterior; the side away from the mother-axis is 
anterior, In a solitary terminal flower it is evident that these 
terms are not applicable. 

If the flower arises in the axil of a leaf-structure, this leaf- 
structure is called a bract. Though this may be given as the 
strict meaning of bract, it is found convenient, in practice, to 



Fig. 155. A Simple 
Inflorescence 
(Raceme). 

The main axis (peduncle) 
is here tlie mother-axis. 
The stalk of the flower 
is the pedicel. 
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apply the term to any more or less specialised leaf -structures 
in the region of the inflorescence, other than the floral leaves 
themselves. 

Bracts or hypsophylls present great variety of form and colour. When 
present, the flower is bracteate; when absent, ebracteate. The bracts 
may be ordinary foliage leaves, as in solitary axillary flowers, or more 
or less resemble them, though differing from the ordinary foliage leaves 
of tho plant. Frequently they are small, green, and scale-like. In 
many plants they are reduced to small, tooth-like structures. When 
they are not green, but coloured like the petals of a flower, they are 
said to be petaloid. In many flowers the flower-stalk bears small out- 
growths of the nature of reduced leaves. These are called bracteoles. 
When present, thero are usually two in Dicotyledons, placed laterally, 
and one in Monocotyledons, situated on the posterior side. 

4. Perianth, or Floral Envelopes. — The outer series of floral 
leaves, distinct from stamens and carpels, constitute the 
perianth of the flower. In the great majority of flowers the 
perianth consists of two series, clearly distinguished as calyx 
and corolla. 

Sometimes calyx and corolla more or less resemble each 
other, tho sepals and petals having much the same form and 
colour. When the two series or whorls are so closely inserted 
on the thalamus, or so fused together that they look like a 
single series, the terms calyx and corolla, sepals and petals, 
are not used, and the whole structure is described simply as 
a perianth ( e.g . Narcissus, Lily of the Valley, and many other 
Monocotyledons). On the other hand, the perianth may be 
absent, or represented by a single series or whorl. 

As the perianth leaves are not essential, but only accessory 
to the production of seed, they are frequently referred to as 
the non-essential organs of the flower. If one or both series 
be absent the flower is said to be incomplete . 

If both series of the perianth are wanting, the flower is achlamydeous; 
if one only is present, monochlamydeous ; if both are present, dichlamy- 
deous. In some flowers (e.g. Daisy, and many other Compositae) it is 
recognised, by comparison with allied types, that the calyx has been 
cost; in such flowers the remaining series must be described as the 
lorolla, not as the perianth. So also, in cases where tho corolla has 
disappeared (e.g. Clematis, Anemone, and many other Ranunculaeeae), 
the remaining series, although petaloid, must be described as the calyx. 
The term perianth, however, should be used if the monochlamydeous 
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condition is primitive, i.e. if it is an original or ancestral character and 
not due to the disappearance or suppression of a second series (e.g. 
Stinging Nottle, Oak, Elm). 

5. The Essential Organs. — The androecium and the gynae- 
ceum or pistil, because they bear the reproductive bodies, 
pollen-grains and ovules, necessary for the production of seed, 
are called the essential organs. 

If both are present in the same flower (the rule in Angiosperms) the 
flower is hermaphrodite, bisexual or monoclinous (symbol ^ )• When 
they are borne on different flowers, as is sometimes found, the flowers 
are imperfect, unisexual or diclinous. The unisexual flowers bearing the 
stamens are male ( $ ) or staminate ; those bearing carpels, female ( $ ) or 
pistillate. If staminate and pistillate flowers are borne on the same 
plant (e.g. Hazel), the plant is monoecious; if on different plants (e.g. 
Willow and some species of Campion), dioecious. A plant is polygamous 
if it bears staminate, pistillate, and hermaphrodite flowers (e.g. Ash). 
Flowers in which both stamens and pistil have been lost are neuter 
(e.g. ray florets of Cornflower and Sunflower). 

6. Floral Phyllotaxis. — In most flowers the series of floral leaves are 
arranged in whorls, and the phyllotaxis is cyclic. Sometimes, however, 
all the floral leaves are in a spiral (e.g. Cactus) and the flower is said to 
be acyclic. If some of the series are cyclically arranged, others spirally, 
the flowers are hemicyclic. In the Buttercup, for example, the calyx 
and corolla are whorled, while the stamens and carpels are spiral. 


7. Number of Parts. — We may regard typical flowers as 
having four definite series or whorls of floral leaves — calyx, 
corolla, androecium, and gynaeceum — with the same number 
in each series. But additional whorls may be developed in 
any one of these series, so that the number of floral leaves in 
that particular series is a multiple of the original number. 
This is most frequently seen in the androecium. On the 
other hand, the number in any one series may be reduced by 
suppression or disappearance of one or more of the parts in 
that series. This is very commonly seen in the gynaeceum, 
which is the most variable part of the flower. 

The following examples will illustrate these points : the 
Violet has five sepals, five petals, five stamens, three carpels; 
the Pea has five sepals, five petals, ten stamens, one carpel; 
the Wallflower has four sepals in two whorls, four petals in 
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one whorl, six stamens in an outer whorl of two and an inner 
whorl of four, two carpels; many flowers have a large number 
of stamens in several whorls (e.g. the Cherry). It should be 
noticed that owing to the abbreviation of the thalamus and 
other causes, it is often difficult to distinguish the separate 
whorls, e.g. the two whorls of sepals in the Wallflower, the 
two whorls of stamens in the Pea. 

Neglecting the reduction of parts met with in particular 
series, and more especially in the gynaeceum, we find that in 
Dicotyledons the series of floral leaves are, as a rule , arranged 
in twos, fours, or fives, or multiples of these numbers. In 
other words, the arrangement is dimerous , tetramerous , or 
pentamerous , rarely trimerous. The trimerous arrangement, 
i.e. in threes or multiples of three, is characteristic of Mono- 
cotyledons. 

8. Alternation of Parts. — The general rule is that the leaves 
of the different series alternate in position with each other — 
the petals alternate with the sepals, the stamens with the 
petals, etc. If there are several whorls of stamens, these 
whorls alternate with each other. 

But there are exceptions. In spiral flowers, the parts are 
sometimes superposed. In cyclic flowers the departure from 
regular alternation arises from various causes. In the 
Primrose family, for example, there are five sepals, five petals, 
five stamens, and the stamens are opposite to the petals 
(antipetalous) ; this is due to the suppression of an outer whorl 
of five stamens. Sometimes, where there are two alternating 
whorls of stamens, the outer whorl is opposite the petals. 
This (the obdiplostemonous condition) is due to displacement 
of the two whorls, which we can easily understand, remember- 
ing the abbreviation of the thalmus and the close proximity of 
the whorls. The carpels, owing to reduction of parts in the 
gynaeceum, frequently have no definite position in relation 
to the parts of the other series. 

9. Regular and Irregular Flowers. — In regular flowers the 
parts in each series have the same size and form, i.e . the sepals 
resemble each other, so also the petals, etc. Irregular flowers 
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are those in which some of the floral leaves in any one series 
have a different shape or size from the others — for example, 
the petals of Pea or Violet. 

10. Floral Symmetry (see p. 10). — Flowers may be radially 
symmetrical or actinomorphic, isobilateral, zygomorphic , or 
asymmetrical. The important planes of symmetry are the 
median or antero-posterior, the diagonal, and lateral planes 
(see Figs. 177 and 178). Zygomorphy is very frequently 
due to irregularity, and this is the sense in which the term is 
used as a rule in descriptive botany. In zygomorphic flowers 
the plane of symmetry is, in most cases, antero-posterior or 
median, i.e. it is the plane passing through the anterior 
and posterior sides of the flower, e.g. Pea, Violet (Figs. 180 
and 181), etc. Asymmetrical flowers are usually spiral, e.g. 
Cactus. 

11. The Thalamus : Insertion of Floral Leaves. — The thala- 
mus is nearly always short or abbreviated. Only occasionally 
is it elongated between the whorls of floral leaves, as in some 
species of Campion {Lychnis). The form of the thalamus 
varies considerably. It may be convex and more or less 
dilated, or flattened, or hollow and cup-shaped. The insertion 
of floral leaves varies according to the form of the thalamus. 

In many flowers {e.g. Buttercup, Campion, Poppy) the 
thalamus is more or less convex, like the head of a nail. The 
gynaeceum is developed at the apex of the thalamus; the 
stamens, petals, and sepals, are inserted, in order , on the side 
of the thalamus below the gynaeceum. This is the hypo- 
gynous arrangement (Fig. 156, a). 

Suppose now that the thalamus is not convex, but forms a 
flattened circular disc. The apex of the thalamus is, of course, 
in the middle of the disc, and the flattened form is due to the 
sides of the thalamus having grown up to the same level. 
The gynaeceum is developed in the middle of the disc, and the 
sepals, petals, and stamens round the rim or margin. They 
are not underneath the gynaeceum, but round about it. Hence 
this is called a perigynous arrangement (Fig. 156, c). Some- 
times the carpels are borne on a conical protuberance in the 
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middle of the disc; this would represent a continued growth 
of the apex (e.g. Strawberry or Raspberry, Fig. 156, b). 

It is with the perigynous condition that the student will 
experience most difficulty; there are so many degrees of it. 
The thalamus may not be flat, but hollowed out, and more 
or less cup-like. This is duo to the sides of the thalamus 
continuing to grow above the apex, which lies at the bottom 
of the cup (x Fig. 156, d). The carpels (gynaeceum) are 




Fig. 156. Thalamus and Insertion of Floral Leaves. 

A, Hypogynous ; B — E. Perigynous ; F, Epigynous. 

(Diagrammatic vertical sections.) 

developed in the cup; the sepals, petals, and stamens from 
the rim of the cup. This also is a perigynous condition. It 
should be particularly noticed that the cup was formerly 
regarded as part of the calyx and called the calyx-tube. Tkis 
term is still retained, but the student must be careful to observe 
l. box. 16 
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that it is the thalamus or receptacle. A still more extreme 
form of perigyny is found in the Wild Rose (Fig. 156, e). 
Here there is a very deep cup. 

Finally, in the epigynous condition (Fig. 156, f) the thalamus 
forms a deep cup as in the extreme forms of perigyny; but 
the carpels, developed as in the extreme forms of perigyny, 
are from the first adherent to the calyx-tube, which is for this 
reason considered as part, of the ovary. Thus in epigynous 
flowers the sepals, petals, and stamens are inserted on the 
gynaeceum.* In the perigynous condition the calyx-tube 
remains distinct from the ovary. 

12. Nectaries. — The thalamus or receptacle frequently bears 
a fleshy or glandular outgrowth, such as is found on the top 
of the inferior ovary in Umbelliferae and in the common Ivy. 
This is termed the disc. In the Blackberry the disc lines the 
outer concave part of the receptacle. Very commonly the 
disc is lobed (Vine, Wallflower), and frequently it secretes 
nectar. Nectaries may, however, develop from, or upon, any 
part of the flower. Thus in the Violet the outgrowths borne 
by two of the stamens secrete nectar into a hollow spur borne 
by the anterior petal. In the Buttercup a small scale at the 
base of each of the petals covers a pocket-shaped nectary, 
while the whole of the petals of the Christmas Rose are modified 
into hollow tubular nectaries. Honey glands occur upon the 
gynaeceum of Gentians, and each sepal of the Hollyhock flower 
bears a nectary on its inner surface. 

13. The Calyx may consist of numerous sepals showing a 
primitive spiral arrangement, as in Cactus and Water Lily; 
but usually it consists of from two to five sepals. If the 
sepals are free, the calyx is polysepalous. When they are 
united laterally, to however slight an extent, the calyx is 
gamosepalous. The gamosepalous condition is due, not to 
the actual fusion of originally separate, sepals, but to common 
basal growth during development. In all hypogynous and 

* The student should notice that, strictly speaking, in epigyny the 
gynaeceum is not formed simply from carpels. 
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perigynous arrangements the calyx is described as inferior ; 
in the epigynous flower the calyx is described as superior. 

In some flowers, e.g. the Strawberry, the sepals are stipulate. 
The stipules fuse in pairs between the sepals and produce an 
outer series of small sepal-like structures, forming what 
seems to be an outer calyx. This is known as the epicalyj:. 
(Fig. 157, p). An epicalyx may also be produced by the 
aggregation of bracts or bracteoles beneath the calyx, e.g. the 
Mallow and Sweet William. 




LABIATE 



The calyx usually has a protective function. It commonly 
serves to protect the parts of the young flower in the bud. 
When the flower opens the calyx may fall off, e.g. in the 
Poppy, in which case it is said to be caducous , or the sepals 
simply fold back as in the Wild Rose. The calyx is deciduous 
if it falls off when the flower withers. But frequently it 
persists till fruiting takes place in order to protect the young 
fruit, which is developed from the ovary of the flower {e.g. 
Bean, Strawberry, and Dead Nettle). A gamosepalous calyx 
not only affords a more efficient protection to the flower-bud 
than a polysepalous one, but also gives support and protection 
to the base of the adult flower and to the developing fruit. 
Hence a gamosepalous calyx is never caducous. 
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In the Umbelliferae, where the flowers are closely aggre- 
gated, and in many Compositae, where in addition they are 
surrounded by a ring of bracts, a protective calyx is not 
required. Hence the calyx is either very small or has disap- 
peared altogether. 

The calyx, however, may take on other functions. Thus, 

in many Compositae ( e.g . 
Dandelion, Thistle, and 
Cornflower) there is a rudi- 
mentary calyx represented 
by hairs, forming a silky 
pappus (Fig. 161, a), which 
undergoes further develop- 
ment after flowering, and 
serves to disperse the fruit. 
In some flowers also the 
sepals instead of being 
green, as is usually the 
case, are brightly coloured, 
and usurp the attractive 
functions of the corolla. In 
this case the calyx is said 
to be petalpid. 

In a polysepaloue calyx the 
outline of the individual sepals 
is described in the same terms 
as are used for ordinary foliage 
leaves. The number of sepals 
in a gamosepalous calyx is usually indicated by divisions or teeth {e.g. 
Fig. 157, b). If the divisions pass almost to the base of the calyx, 
it may be described according to their number as 3-, 4-, 5-parlite; if 
about half way down, 3>, 4-, 5-fid; if the divisions are small, 3-, 4-, 
5 -toothed. 

14, The Corolla. — The primitive corolla consists of a spiral 
of free non-coherent petals. In most plants this has been 
changed into a single whorl (Foxglove, Geranium) or, more 
rarely, a double whorl of petals (Poppy). In Water Lilies and 
in double flowers the petals are arranged in a close spiral. 

The corolla may be folypetalous or gamopetalous (cf. calyx), 
regular or irregular , and as it to a large extent determines the 
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Fig. 15S. Flower of Monkshood. 

Vertical section. Calyx galeate. 
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symmetry of the flower, the terms zygomorphic, aciinomorphic , 
are applied to it. According to the insertion of petals the 
corolla is described as hypogynous, perigyrious, or epigynous. 

The corolla is, in most cases, 
an attractive structure ; its chief LIMB^ 

function is to attract insects to r* . \\ 

the flower in connection with vv\\Sm 

the process of pollination. It 

also protects the stamens and j j Syl 

carpels at the most critical I L,GULE W 

period of their existence, and ^ //'-jCLAW' " 7/ 

this is especially the case when , JJ TT ® ' 

the petals are united together h Petals. 

in the form of a tube enclosing B al80 H gu i u te. 

the essential organs. The tube 

also serves as a receptacle for honey. After fertilisation the 
seeds begin to develop, and an attractive corolla being no 
longer needed, it is usually rapidly shed. The withered 
corolla, however, may persist in a few cases (Currant, Goose- 
berry). 

The petals are usually brilliantly coloured, sometimes green 

(sepaloid). They may 
/7X be absent, e.g. Lady’s 

\ \V\ (\//y\ Mantle and some Ran- 

J® VEX,LLUM unculaceae (Clematis, 

Anemone), or reduced 
ill \im /7\{(/ 1 I ) to nectar-secreting 

•ili/lSl ifxv'M V structures, e.g. Monks- 

III A III K hood (Fig * l]58) and 

VOMmlil Christmas Rose. 


VEXILLUM 


A \4j fr 'dm ® In a polypetalous corolla 

i'Mi CARINA the outlines of the indivi- 

Fig. 160. A, Vertical section of a Caryo- dual petals are described 
phyllaceous Flower ; B, Papilion- in the same terms as are 
aoeous Flower. used for the foliage leaf, 

and, as in the calyx, the 
gamopetalous corolla may be described as 3-, 4-, 5- partite, -fid, or 
-toothed. 


The following special terms are applied to polypetalous corollas: — 
Cruciform where the corolla consists of four unguiculate petals arranged 
crosswise, i.e. in the diagonal planes of the flower (e.g. Wallflower and 
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Cruciferae generally, see Fig. 165, a); rosaceous (Fig. 156, B, o), if it 
consists of five spreading petals, not clawed, and attached perigynously 
(Rosaceae); caryophyllaceotis (Fig. 160, a), if it consists of five clawed 
petals, with spreading limbs attached hypogynously to the thalamus 
inside a slender tubular calyx (Pinks and many Caryophyllaceae); 
papilionaceous (from the supposed resemblance to a butterfly), if it 
consists of five petals, one large — the vexillum or standard, two lateral 
— alae or wings, and two fused to form a boat-shaped structure — the 
carina or keel (Pea and British Leguminosae generally, Fig. 160, b) 



A, Tubular hermaphrodite; D, Ligulate pistillate, florets of a Composite. 


15. A perianth, when not distinguished into calyx and 
corolla, is described in much the same way; but the terms 
polyphylbus and gamophyllous are used to indicate the free 
and coherent condition, respectively, of the perianth leaves. 
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16. The Corona. — This is the term applied to the whole 
series of ligules developed on the corolla or perianth of certain 
flowers. In Narcissus, where the 
perianth is gamophyllous, the ligules 
are coherent, and the corona is cup- 
shaped. 

17. Prefloration. — This has already been 
referred to (see p. 150). The prefloration 
of the perianth (or calyx and corolla) only 
can be studied. The ptyxis, or folding of 
the individual floral leaves, is described in 
the same terms as are used for foliage leaves 
(see p. 150). The aestivation of calyx or 
corolla (Tig. 113), may be valvate , imbricate, 
or contorted (twisted). Induplicate* aestiva- 
tion is a form of valvato in which the 
margins of the floral leaves are folded 
inwards on themselves. Quincuncial* aesti- 
vation is a form of imbricate where there 
are five leaves (sepals or petals), two internal, 
two external, and one partly internal, partly 
external. Vexillary aestivation, character- 
istic of tho corolla of Leguminosae, is another 
form of imbricate aestivation (Fig. 181). 
recognised either by taking transverse sections of young flower-buds, 
or carefully removing the young floral leaves one after tho other. 



Fig. 102. Vertical Sec- 
tion of Flower of 
Primrose. Corolla 
Hypocrateriform. 

The aestivation may be 


BACK FACE 



Fig. 163. Stamens, showing Insertion of Anthers. 

18. The Androecium. — A typical stamen (Fig. 163) consists 
of three parts — filament, anther, and connective. The fila- 

* Although not mentioned on p. 150, valvate vernation maybe indupli- 
cate, and imbricate vernation quincuncial. 
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merit is the stalk of the stamen corresponding to the petiole 
of a foliage leaf, while the anther may be regarded as represent- 
ing the lamina of the floral leaf. The latter usually consists of 
two anther-lobes , and forms a case or box in which are contained 
the pollen-grains or essential reproductive bodies. These lie 
in four cavities, the pollen-sacs (Fig. 164), of which there are 
two in each anther-lobe. When the anther dehisces the 
partition between the two pollen-sacs in each lobe breaks 
down, so that there seems to be a single cavity or loculus in 
each lobe. This fusion often takes place much earlier in the 
development of the anther. 



CONNECTIVE 

Fig. 164. Transverse Section of Anther of Wallflower, 
after Dehiscence. 

The anther-lobes are connected towards the back of the 
anther by a strip of tissue containing a vascular bundle. 
This is the connective. It is usually narrow, so that the 
anther-lobes lie close together, but may be elongated so that 
the lobes are widely separated, as in some Labiatae. 

In a few cases (e.g. Mallow, Hazel, Hornbeam) the stamens 
when quite young undergo division or segmentation, and 
thus in the fully developed flower the anthers have only one 
anther-lobe with two pollen-sacs. 

Sometimes special appendages are developed on stamens. 
These generally arise as outgrowths of the connective. In 
the Violet there is a membranous orange-coloured outgrowth 
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on top of each anther, and, in addition to these, the two 
antero-lateral stamens have each a green elongated process 
(functioning as a nectar gland) passing down into the spur 
of the anterior petal (Fig. 180). 

Barren or rudimentary stamens are called staminodes. 
They may consist simply of filament or be represented by 
various peculiarly modified forms. 

The stamens may be hypogynous, perigynous, or epigynous; 
but sometimes, owing to common basal growth, they adhere 
to the corolla (or perianth). They appear then to be developed 
on the petals, and are said to be epipetalous ( epiphyllous , if 
on a perianth). This is found in many gamopetalous, or 
gamophyllous, orders of Angiosperms, e.g , Compositae, 
Labiatae, Primulaeeae (Fig. 162). Sometimes the stamens 
are adherent to the gynaeeeum, c.g. in Orchids; this is the 
gyn androus condi tion . 

If the stamens are free from each other, i.e. not coherent, 
the androecium is polyandrous (diandrous, triandrous, pentan- 
drous, etc., accordiil^To^TEe' number). If united, the union 
may be of two kinds, (a) The stamens cohere by their fila- 
ments: this is the adelphous condition — monadelphous if all are 



Fig. 165 . Flower of a Crucifer. 

A, Entire — cruciform corolla ; B, Sepals and petals removed— tetradynamous 
stamens ; 0, Transverse section of ovary. 


united to form a tube round the pistil, diadelphous if united in 
two groups, 'polyadelphous if in several groups. The mona- 
delphous condition is found, for example, in the Mallow and 
some Leguminosae (e.g. the Broom); the diadelphous, in other 
Leguminosae (e.g. the Pea) where, of the ten stamens, nine 
are fused and the tenth is free; the polyadelphous, in the 
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St. John’s Wort and Orange, (b) The stamens cohere by their 
anthers, the filaments being free. This is characteristic of 
Compositae ( e.g . Daisy, Dandelion, Thistle, etc.), some Sola- 
naceae (e.g. the Bitter-sweet and Potato), etc. It is the 
syngenesious or synantherous condition (Fig. 161, a). 

Where the stamens in a flower have different lengths, 
special terms are sometimes applied to the androecium. 
Thus, in the order Cruciferae (Wallflower, Stock, etc.) there 
are four long and two short stamens (Fig. 1G5, b), and the 
androecium is said to be tetradynamous. In Labiatae 
(e.g. Dead Nettle) and Scrophulariaeeae (e.g. Foxglove), where 
there are two long and two short stamens, it is didynamous. 
These are the only common orders in which these terms are used. 

19. Insertion of the Anthers. — The attachment of the anther to the 
filament should be noticed (Fig. 163). It is innate or basifixed if the 
anther is fixed directly on top of the filament; adnate if the connective 
is well marked, and there is no articulation of the filament to the base 
of the anther, so that the filament seems to run up the back of the 
anther; dorsifixed if the filament is attached to the back of the anther 
and the anther is immovable; versatile if the attachment is similar, but 
the anther swings on the filament. 

20. Dehiscence of the Anthers. — Usually each anther-lobe 
bursts open (dehisces) by a longitudinal slit between the two 
pollen-sacs. The dehiscence is brought about by the contrac- 
tion of the reticulately thickened cells of the fibrous layer, the 
inner of the two layers forming the wall of the loculus (Fig. 
164). According as the anther-lobes face inwards (towards the 
centre of the flower) or outwards, the anthers or the dehiscence 
is said to be introrse or extrorse. The dehiscence may be 
transverse, as in some Labiatae, by means of flaps or valves, 
as in the Laurel, or as in Heaths, Rhododendron, and Potato, 
it may be effected by pores at the apices of the anther-lobes. 

21. The pollen, in most plants, forms a loose, dusty powder, 
consisting of a large number of minute grains (Fig. 166, a, b). 
The grains vary much in size, form, and colour in different 
plants. At first (Fig. 167) they are unicellular and the wall 
consists of two membranes or coats. The outer coat, the 
exine , is cuticularised and frequently ornamented with protu- 
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berances, spines, etc. The inner coat, the intine , is thin and 
consists of cellulose. In some plants, e.g. Orchids, the pollen- 
grains are not loose, but aggregated into a single mass called 
apollinium (Fig. 166, c). 



Fig. 160. A, B, Pollen -grians 
(highly magnified) ; C, Pol- 
linia of an Orchid (p. 389). 



Fig. 167. Young Pollen - 
grain of a Lily. 
(Section.) 


Before seed can be produced the pollen-grains must be 
transferred to the stigma, either of the same flower, or of 
another flower of the same species. 

The development of the pollen-sacs and pollen-grains will 
be described later. 


22. The Gynaeceum or Pistil, consisting of carpels, forms 
the inner essential organ of the flower. It is the part of the 
flower which has been most extensively and completely 
modified. The student, indeed, finds it difficult at first to 
realise that it consists of leaf- organs. It is necessary, there- 
fore, that he should read very carefully the description which 
follows, making sure that he fully understands the exact 
significance of the terms used. 

The gynaeceum may be monocarpellary or polyc^eUajy^* 
that is, it may consist of one or of several carpels. In the 
latter case, according to the number, it is bicarpellary, tri- 
carpellary, etc. 

♦ Notice — “ poly- 1 ’ here has not the same significance as in poly* 
petalous, etc. 
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23. The Monocarpellary Pistil (Fig. 168). — The student 
must imagine that a single carpellary leaf has been folded on 
itself so that its margins become coherent along a line known 
as the ventral suture ; and, further, that the apex of the leaf 
has become elongated and slightly swollen at the tip. 

The hollow basal portion of the folded carpel is the ovary, 
from which the fruit is afterwards developed; it contains a 
varying number of oval or rounded bodies, the ovules, which 
afterwards develop into seeds. The slender prolongation, of 
varying length, on top of the ovary 
is the style, which usually contains a 
central cavity communicating with 
the cavity of the ovary, but may be 
composed of loose tissue throughout. 
The apical portion of the style, 
called the stigma, is usually swollen 
and covered with hairs or glandular 
papillae; as we shall see later, it 
forms the receptive surface for the 
pollen. 

If we examine the ovary, we find 
that the ovules are marginal , i.e. they 
are developed on the fused margins 
of the carpel. The fused margins 
form a longitudinal ridge or cushion 
of tissue, called the placenta, along 
the ventral suture, on the inner 
surface of the ovary wall. The dorsal suture (Fig. 168) 
corresponds to the midrib of the carpel. Seeing that the 
placenta is on the wall of the ovary, the placentation (i.e. the 
position or arrangement of placentas in an ovary) is parietal. 
Usually, however, in the simple ovary the placentation is 
simply described as marginal. The monocarpellary pistil is 
easily recognised by the presence of this single placenta. 
The pistil of the Leguminosae (Pea, Bean, etc.) is an excellent 
example. 

Although we have asked the student to imagine the formation of the 
monocarpellary pistil as due to the folding of a carpellary leaf, he must 
not suppose that this process can be observed during the development 



Fig. 168 . The Monocar- 
pellary Pistil. 

A, Entire; 13, Trana verso 
section of ovary; 0, Will 
indicate method of folding. 
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of the flower. Wo may suppose, however, that something equivalent 
to it has occurred during the development or evolution of the higher 
flowering plants. We shall see later that in the Gymnosperms the ovules 
are not enclosed in an ovary at all, but are borne in most cases on the 
open carpellary leaves. As a matter of fact, in one plant, a Cycad 
( Cycas revoluta), they are borne on the margins of the carpellary leaf. 
Tn the higher flowering plants (the Angios perms) the ovules are 
protected by being enclosed in an ovary. 


24. The Polycarpellary Gynaeceum. — Of this there are two 
conditions, according as the carpels are or are not united with 
each other. If the carpels are free, each forms a simple 
ovary, style and stigma, like the single carpel of the mono- 
carpcllary pistil. This is the apocarpous condition (Fig. 154 
and cf. the terms polysepalous , polypetalous , polyandrous). 
Here, while there is a single gynaeceum or pistil in the flower, 
there is a number of simple ovaries. The number indicates 
the number of carpels. The placentation is marginal. Fre- 
quently, only one ovule is developed in each loculus (many 
Hanunculaccae and Rosaccae) ; if the ovule is attached to the 
top of the loculus it is pendulous ; if to the bottom, ascending. 

In the second condition all the carpels are united to form 
a single compound (or polymerous) ovary, and the pistil is 
syncarpous (cf. the terms gamopetalous, gamoscpalous, etc.). 
The union may or may not be com- 


plete. If complete, the ovary bears a 
single style and stigma (Fig. 169, a), 
and it is only by the internal structure 
of the ovary that the number of carpels 
can be determined. If incomplete, a 
number of styles or stigmas are borne 
on the single ovary (Fig. 169, b, c), 
owing to the apices of the carpels 
remaining free. With few exceptions 



Fig. 169. The Syn- 
caupous Pistil. 

(To indicate different 
degrees of fusion.) 


the number of styles or stigmas gives 


the number of carpels. Thus, in Compositae (Fig. 161, a) the 
style is single, but there are two stigmas; hence we know 


that the pistil is bicarpellary. 

The structure of the ovary and the placentation in the 


syncarpous pistil differs in different cases. The following 
conditions should be carefully noticed: — 
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(a) The carpels simply fuse by their adjacent margins (Fig. 
170) to form a unilocular ovary. The fused margins swell 
up to form placentas bearing ovules. The placentation is 

marginal and parietal. 
The number of parietal 
placentas indicates the 
number of carpels. 

(b) The carpels are 
folded on themselves 
before fusing, or we 
might say that the 
fused margins run in 
to the middle of the 
ovary (Fig. 171). Thus 
a multilocular ovary is 
formed, and the mar- 
ginal placentas of all the carpels fuse in the centre to form 
a central or axile column. The placentation is marginal 
and axile. The number of loculi, or the number of septa 
by which the ovary is divided, indicates the number of 
carpels (except where false septa are formed — see below). 



Fig. 170. Formation of the Unilocular 
Ovary of a Tricarfellary Pistil. 

X indicates points of fusion. (Placentation 
parietal : Transverse section.) 



Fig. 171. Formation of a Trilocular Ovary with Axile 
Placentation. 


(Transverse section.) 


Sometimes only one ovule is developed in each loculus. It is 
suspended if it comes off from the placenta high up and hangs 
down in the loculus (Fig. 172); but sometimes there is no 
distinct axile placenta — the ovule being either ascending or 
pendulous (p. 253). 
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Tn the ovary of the Poppy there is an intermediate condition 
between (a) and (ft). The septa, which are covered with 
ovules and are therefore 
placentas, do not reach 
the middle of the ovary. 

The ovary is unilocular, 
but partially divided. 

The placentation is 
parietal. 

(c) The carpels fuse by 
their adjacent margins 
and the ovary is unilo- 
cular as in (a). But the 
ovules arc not developed 
on the carpcllary mar- 
gins. They are borne on 
a central axis running 
through the middle of the ovary. The placentation is free- 
central. In typical cases (Primulaceae, Fig. 162) the central 
axis is a prolongation of the thalamus into the ovary. The 
ovules are developed on the axis of the flower, not on the 

carpels. There are, however, a 
few families (e.g. Caryophyllaceae) 
in which the free-central placenta 
is derived from an originally axile 
placentation by the breaking 
down of the septa. 

Basal placentation is a modi- 
fication of typical free central. 
Here a single ovule is inserted on 
the floor of the ovary. It is 
developed on the thalamus, 
which, however, is not prolonged 
as an axis into the ovary (e.g. 
Polygonaceae, Fig. 174, and Compositae, Fig. 173). 

The ovules are, in rare cases, developed, not on the margins 
of the carpels, but over the whole inner surface, e.g. the 
Flowering Rush (apocarpous) and Water Lily (syncarpous). 
This is called superficial placentation. 


•WALL or 
OVARY 



NATROP 

OVULE 


^micropyle 

FU^CLe'Vpex of torus 
Fig. 173 . Inferior Ovary of 
a Composite. 

(Longitudinal section ) 



Fig. 172. Vertical Section of 
Umbelliferous Flower. 
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25. True and False Septa.— True septa, or dissepiments, are 
those which represent the inturned margins of carpellary 
leaves. Septa formed in any other way, e.g. as ingrowths 
from the surfaces of the carpels, are false. In the ovary of 
Cruciferae (Fig. 165, c), for example, the false septum is 
formed by two membranes, which grow in from the two 
parietal placentas, and meet and overlap in the centre. 

26. Superior and Inferior Ovaries. — In all hypogynous and 

peri gy nous conditions, 
the ovary is described 
as superior, in the epi- 
gynous condition, as 
inferior. It might seem 
out of place to describe 
the ovary as superior, 
and the calyx inferior, 
in such a perigynous 
condition as is shown in 
Fig. 156, d. But the 
student must remember 
that the ovary here is 
developed at the organic 
apex of the thalamus, 
and is free from the 
calyx-tube. 

27. Structure of Ovule. 

— If we examine a typi- 
cal ovule (Fig. 174), we 
find that it is attached 
by a slender stalk — the 
funiculus or funicle — to 
the placenta. The body of the ovule consists of a mass of 
parenchymatous tissue, called the nucellus, and either one 
or two cellular coats or integuments. These integuments 
arise during development from the base of the nucellus, and 
completely invest it, except at the apex, where a small canal 
or passage is left leading down to the apex of the nucellus. 



* — STIQMA 

STYLE 

„'MlCROPYLE 
NUCELLUS 
—OVARY 

-EGG-APPARATUS 
— EMBRYO SAO 

SECONDARY 

NUCLEUS 
—ANTIPODAL 
OELLS 

“INTEGUMENTS 
- OH ALAZA 

Tr-^V'-VASO. BUNDLE 


Fig. 174 . Ovary and Basal Ortho- 
tropous Ovule of Polygonum). 
(Longitudinal Section.) 
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This passage is called the micropyle. In most Gamopetalous 
Dicotyledons there is only one integument. The base of the 
nucellus, from which the integuments arise, is called the 
chalaza. The point where the body of the ovule is attached 
to its stalk, or funicle, is the hilum (see p. G8). 

Towards the micropylar end of the nucellus there is a large, 
specially developed cell. This is the embryo-sac, In the 
embryo-sac the protoplasm is arranged as in an ordinary 
parenchymatous cell. There is a lining or parietal layer and 
protoplasmic strands. Vacuole and cell-sap are present. In 
addition to this, however, several cells are present in the 
embryo-sac, formed, as will afterwards be explained (Chap. 
XVL), by multicellular-formation. At the micropylar end 
there are three cells without cell- walls constituting the egg- 
apparatus. The largest one is the oosphere, ovum, or egg-cell; 
the two smaller ones are called the synergidae, or help-O^lls. 
At the other end there are three cells with cell-walls. Thdse 
are the antipodal cells. Embedded in the protoplasm in the 
middle of the embryo-sac there is a large nucleus called the 
secondary or definitive nucleus of the embryo-sac. 

The above gives the general structure of the fully-formed 
ovule at the time when fertilisation 
is just about to take place. The 
development of the ovule will be 
described later (Chap. XVL). 

28. Forms of Ovule. — There are 
several important forms of ovule to 
be noticed. The typical form is the 
straight or orthotropous ovule (Fig. 

174). Here the ovule is perfectly 
straight, not curved or bent in any 
way. The chalaza and hilum lie close 
together, and the micropyle is at the 
extreme apex. 

In the inverted or anatropous form (Fig. 175) the body of the 
ovule has bent over during development, and fused for some 
distance with the stalk or funicle. This fused portion of the 
funicle is called the raphe. In this form the micropyle and 
i. bot. 17 


CHALAZA 

NUCELLUS 


EMBRYO 

SAC 



MICROPYLE-’ 

FUNICLE 

Fig. 176, Anatropous 
Ovule. 

(Longitudinal section.) 
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hilum lie close together, and the chalaza is towards the other 
end. 

In the curved or campylotropous form (Fig. 176, b) the body 
is curved and bent round, so that the micropyle lies near the 

funicle; but there 
is no fusion with 
the funicle. Hilum, 
chalaza, and micro- 
pyle all lie close 
together. The 
amphitropous ovule 
is an intermediate 
form in which the 
body of the ovule is 
straight, but has 
been twisted round, 
so that its long axis is at right angles to the funicle (Fig. 
176, a). 

Of these forms the anatropous is most frequently met with. 
Examples of the campylotropous ovule are found in many 
Cruciferae (Wallflower, etc.) and Leguminosae (Pea, Bean, 
Broom, etc.). The orthotropous ovule is less frequently 
found, e.g. Polygonum (Fig. 174). The Primulaceae and some 
Cruciferae give examples of the amphitropous ovule. 



Fig. 176. Forms of Ovule. 

A, Amphitropous ; B, Campylotropous. 


29. Cohesion and Adhesion. — The student must be clear as 
to the meaning of these terms. Cohesion is union between 
members of the same series of floral leaves. Thus gamose- 
palous, polysepalous, polyandrous, syngenesious, apocarpous, 
syncarpous are terms signifying cohesion or want of cohesion. 
Adhesion means union between members of different series, as 
when the stamens are epipetalous. We have already explained 
that cohesion or adhesion of parts in the flower is not due to 
the actual fusion of parts originally separate, but to common 
basal growth during development. 

30. Modification of Floral Structure. — The primitive typical 
flower, we may suppose, was regular, and showed no cohesion 
of parts. The countless diverse modifications now existing 
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may be ascribed to the operation of various processes of which 
many examples have been suggested in the foregoing pages. 

The chief of these are: abbreviation of the floral axis; closely 
connected with this the displacement of parts, and the cohesion 
or adhesion of parts owing to common basal growth during 
development; branching or splitting (chorisis) of parts, as in 
the inner whorl of stamens in the Cruciferae, where the two 
pairs of stamens (Fig. 165, n) are due to splitting of two 
originally single ones; red, action or complete suppression of 
parts, e.g. the reduction of stamens to staminodes, the reduc- 
tion of petals to nectariferous organs (many Ranunculaoeae), 
the loss of calyx in many Umbellifcrae and Compositae; 
development of irregularity, due to hypertrophy of certain 
parts — this, as will afterwards be explained, is closely con- 
nected with the pollination of flowers by insects. 

The student should notice examples of these processes. At 
the same time he should recognise the general principle 
underlying all this — namely, the more or less perfect adapta- 
tion of the flower to the function which it has to carry on in 
relation to the conditions of its environment. 



Fig. 177. Floral Diagram of a Fig. 178, Floral Diagram of 
Regular Tetramerous Flower. Cruciferae, 


31. Vertical Sections and Floral Diagrams. — The general 
structure and arrangement of parts in a flower may be shown 
in drawings of longitudinal or vertical sections (Figs. 156, 
158, and 172), in floral diagrams and floral formulae. 
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The floral diagram may be described as a ground -plan of 
the flower showing the relation of the parts to each other and 
to the mother-axis (Fig. 177). In making a floral diagram the 
student must clearly distinguish the an tero- posterior or median, 
the lateral, and the diagonal planes (Fig. 178). Cohesion of 
parts may be indicated by connecting lines (Fig. 179, a), but 
this may be done in the floral formula which should accompany 
the diagram. The aestivation also may be indicated as in 
Fig. 180. An empirical diagram (Fig. 179, f$) is one showing 
only the relative positions of the parts actually present. A 
theoreticaLono indicates, as well, by means of dots, the relative 
positions of parts which, we may conclude, were originally 
present, but are now lost (Fig. 179, c). 



Fig. 179. Floral Diagrams of Scrothulariaceae. 

A, Common form ; B, Empirical diagram of Speedwell ; C, Theoretical 
diagram of Speedwell. 


The student will experience most difficulty in indicating 
the positions relative to the mother-axis. It will help him if 
he remembers that in most Dicotyledons one sepal is posterior. 
An exception is found in the family Leguminosae (Fig. 181), 
and there are also exceptional cases where the posterior sepal 
has been lost (Fig. 179, b, c). Fig. 182 shows the characteristic 
arrangement in typical Monocotyledons. 

The floral formula, together with the diagram and longi- 
tudinal section, enables us to represent all the essential 
morphological features of the flower without a word of descrip- 
tion being necessary. 

The symbols © and f respectively denote radially and 
bilaterally symmetrical (zygomorphic) flowers, the direction 
of the arrow indicating the plane of symmetry along which 
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the flower can be divided into equal halves. The signs 
(J , S , $ respectively denote staminatc, carpellary, and 
hermaphrodite (“ perfect ”) flowers. The letters K, C, and 
P represent calyx, corolla, and perianth, A and G the androe- 
ciuni (stamens) and gynaeceum (pistil), and the figure following 
each letter gives the number of parts in each series. Cohesion 
is indicated by brackets enclosing the number of parts; a 
horizontal bracket ^ indicates adhesion between the parts of 
successive whorls; a horizontal line above the number after 
G means that the ovary is inferior, a line below, that it is 
superior; the symbol oo is used when there are numerous 
parts in any series. 



Fig. 180. Floral Fig. 181. Floral Dia- Fig. 182. Typical 
Diagram of gram of Legumi- Floral Diagram of 
Violet. nosae. Monocotyledons 


(Monadelphous form.) O’.t/. Lily). 

Thus the floral formula of the Primrose 

? © K(5) C(5)A0 + 5 G(5) 

reads — hermaphrodite, radially symmetrical flower, gamo- 
sepalous calyx of five sepals, gamopetalous corolla of five 
petals, androecium of five free epipetalous stamens super- 
posed on the petals (antipetalous), syncarpous pistil of five 
carpels with a superior ovary. 

The floral formulae of many common plants are given in 
Chap. XIII. 

[Directions for the description of flowers are given in the 
Appendix .] 
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THE INFLORESCENCE. 

1. The Inflorescence is the floral region of the plant as 
distinguished from the vegetative. Its simplest form is the 
solitary terminal flower. Usually it is a more or less complex 
branch-system. Inflorescences are best classified according 
to the type of branching, and the special modifications in each 
case. Probably in all the branching is lateral, and they are 
either (a) indefinite or racemose, (b) definite or cymose. In the 
former the growing point has an indefinite power of growth; 
it never ends in a flower, although the actual number of 
lateral flowers which it produces may bo few or many. In 
cymose inflorescences the primary axis and the successive 
daughter axes in turn end in flowers. 

It is characteristic of racemose inflorescences that the 
youngest flowers are always found towards the apex, or, where 
a cluster of flowers is formed, towards the centre ( centripetal ); 
while, in compact cymose inflorescences, the youngest flowers 
are towards the outside, i.e. away from the centre (centrifugal). 
This is why the terms centripetal and centrifugal are some- 
times used for the two kinds of inflorescence. 

2. Simple Racemose Inflorescences. — Of these we recognise 
four chief types — 

(a) The typical raceme (Fig. 155), in which the mother-axis 
(peduncle) is elongated, and the flowers are stalked. Examples 
are found in the Lily of the Valley, Foxglove, and Hyacinth. 

Similar to this in essential characters is the corymb, which 
may be regarded as a modification of the typical raceme. The 
mother-axis is relatively shorter, and, owing to the elongation 
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of the lower pedicels, all the flowers come to one level (Fig, 
183). This is an improvement on the typical raceme, for the 
close aggregation of flowers renders the whole inflorescence 
more conspicuous, and 

there is no need therefore \U U/ Uf Uj U/ 

for the individual flowers \ \ \ \ vf/// / 

developing large corollas \ \ \\y /// / / 
to attract insects. Good \ \ £./ / / 

examples are found in many \ \. \ / / / 

Cruciferae ( e.g . Candytuft). \ \ / / 

Inflorescences interm edi- n/N 

ate in character between ^ 

the corymb and typical { 

raceme are described as Fig. 183. The Corymb. 

corymbose racemes, e.g. the 

Wallflower, in which the inflorescence is corymbose when 
young, but lengthens out when fruiting. 

(b) The spike is a racemose inflorescence in which the 
mother-axis is elongated, and the flowers are sessile (Fig. 184), 
e.g. Spotted Orchid and Plantain. By this 
arrangement small flowers may be aggregated 
in a cylindrical mass. 

Tf There are one or two special forms of the 

Jg spike. The spadix is a massive fleshy spike, 

bearing small, usually unisexual flowers. It 
y is protected by a large enveloping bract, some- 

times green, more usually petaloid, known 
as a spathe. The spathe and upper part 
°f s P a< A x serve to attract insects, and 
(5^ sometimes, as in the Arum Lily (Fig. 185), 

there is a fly-trap mechanism in connection 
184 a P°iii na ^i on the flowers. The 

Typical Spike, catkin or amentum (Fig. 186) is a long, more 
or less pendulous, deciduous spike, bearing 
unisexual flowers. It is found in many nut-bearing and other 
trees, e.g. Birch, Hazel, Poplar. The male catkin as a rule 
dangles loosely in the air so that the pollen, which is pro- 
tected from rain by the catkin scales, is readily blown out by 
the wind. 


* BRACT 

Fig. 184. A 
Typical Spike. 
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(c) The umbel (Fig. 187) is a racemose inflorescence in which 
the flowers are stalked, blit, owing 
to the abbreviation of the mother- 
axis, are all given off at one level. 
There is an indefinite growing point 
which throws off a large number of 
lateral flowers, but does not give 
rise to an elongated mother-axis. 
We may suppose this to have been 
derived from the raceme or corymb 
by compression, all the daughter- 
axes being 1 nought to one level, 
just as the flower itself may be 
described as a compressed shoot, 
in which, owing to the shortening 
of the internodes, all the whorls 
of floral leaves lie close together. 

(d) The capitulum (Fig. 188) is 
a racemose inflorescence in which 
Fig. 185. Spadix of Arum, the flowers are sessile, and crowded 

1 ’ a movfd 1 toeip,« t°he CT' together on a reduced or abbreviated 
mother-axis (peduncle). We may 
suppose it to have been derived from the spike in the same 



Fig. 186. A Catkin. Fig. 187. The Simple Umbel. 

way as the umbel from the raceme. The mother-axis is called 
the disc or receptacle.* It is sometimes flat, more frequently 

* The term receptacle is ambiguous, being also applied to the thalamus. 
The student must clearly distinguish the two applications of the term. 
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dilated and convex. Examples are found chiefly in the Com- 
positse (Daisy, Dandelion, etc.). The student must clearly 
recognise that the 
heads of the Daisy, 

Dandelion, etc., are 
not single flowers, but 
inflorescences bearing 
a large number of 
sessile flowers. The 
capitulum is invested 
by a number of small, 
scaly, overlapping 
leaves, which are 
spoken of as barren 
bracts. The pro- 
tective investment thus formed is called the involucre. 

\ The massing together of small flowers in the umbel and 
ckpitulum has the same biological significance as in the 
epjymb. 

3. Cymose Inflorescence. — These are either uniparous , 
biparous , or multiparous (see p. 82). In the uniparous forms 
each successive axis ends in a flower after producing one 
daughter-axis. They may be helicoid or scorpioid , are 
sympodial, and sometimes resemble typical racemes (see 
Fig. 49, n, b). Uniparous cymes resembling racemes can be 
distinguished by the fact that the bracts, if they are present, 
are on the opposite side of the sympodial axis from the leaves. 
If bracts are not developed they are not easily distinguished. 

In the biparous cyme each axis ends in a flower after 
producing two daughter-axes. It is also called the dichasium 
or false dichotomy (Fig. 189). Typical examples are found in 
many Caryophyllaceae. Sometimes the daughter-axes are 
not given oh at the same level, e.g . some Buttercups, Christmas 
Bose, etc. 

In the multiparous cyme, a whorl of daughter-axes is given 
off before the mother-axis ends in a flower. Here a cymose 
umbel is formed, clearly distinguished from the racemose or 
typical umbel by the fact that the oldest flower is in the middle. 



(Vertical Heetion.) 
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4. Compound and Mixed Inflorescences. — Many inflores- 
cences have not the simple characters above described, and 

present considerable diffi- 
culty to the student. In 
practical work — and it 
should be remembered 
that book knowledge is 
worth little or nothing 
here — he should begin by 
carefully recognising the 
simple forms before pro- 
ceeding to the analysis of 
the more complex. 

Many inflorescences are 
compound, e.g. a raceme 
of racemes a spike of 
spikelets (Rye Grass), an 
umbel of umbels. The 
panicle is a compound 
irregularly branched 
raceme. It is the most 
primitive type of inflorescence, for it is really the modified 
upper region of the plant, whereas the simple raceme is more 
highly differentiated and has become simple by reduction. 
The compound umbel (Fig. 

190) is frequently found in 
the order Umbelliferae ; 
here the bracts at the base 
of the chief branches con- 
stitute the involucre — the 
smaller bracts at the base 
of each secondary umbel, 
the involucel. The inflores- 
cence in the Elder is a 
compound multiparous 
cyme, in which some of 
the branches given off are larger than others. 

Many inflorescences are mixed. We may, for example, have 
a raceme of spikes, a raceme of capitula, a spike of capitula, 



Fig. 190. The Compound Umbel. 



Fig. 189. Dichasittm or BirAROus 
Cyme. 
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a raceme of cymes, etc. The pan icle of spikelets is a common 
form in many grasses (e.g. the Oat); in the Horse Chestnut 
there is a raceme of short cymes and the inflorescence is called 
a thyrsus. In the Lilac the inflorescence is of the same nature, 
but the branching is much more copious. Sometimes the name 
racemose or panicled thyrsoid cyme is applied to such an 
inflorescence. 

5. Special Forms. — There are many inflorescences which, 
owing to abbreviation of axes or special crowding of the 
flowers, do not so readily yield to careful analysis. In the 
Hawthorn, for example, the inflorescence might be mistaken 
for a typical corymb. Examination will show, however, 
that the lateral axes borne on the main axis are really cymes. 
It is a corymbose cyme. 

In the cultivated Geranium* and many species of Narcissus 
the inflorescence, at first sight, appears to be an umbel. But 
it will be found that the young flowers are not by any means 
aggregated towards the centre, and that the flowers are 
arranged in a number of groups. These are really cymose 
clusters. We may speak of the whole inflorescence as an 
umbellate cymose head. These are found in many plants. In 
Narcissus the inflorescence is protected by a membranous 
spaihe. 

In the Dead Nettle, and many other members of the 
Labiatae, the leaves are opposite and decussate, and at each 
node there seems to be a whorl of flowers. These apparent 
whorls are called verticillasters (Fig. 191). Careful analysis 
shows that there is in the axil of each leaf an inflorescence 
which is a dichasium of scorpioid cymes, i.e. a biparous cyme 
which passes on either side into a uniparous form by sup- 
pression of one of the branches at each branching. It is 
difficult to recognise this because the axes have been reduced 
and the flowers are sessile. It is easily recognised in many 
Labiatae where the flowers have short stalks. In Fig. 192 
the axis which ends in flower 1 gives rise to two daughter- 
axes, 2, ending in flowers. Each of these gives rise to an axis, 
3, and so on. 


* Which is really a Pelargonium. 
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In the Sweet William and some other plants there is a 
copiously branched biparous cyme, in which the axes are 
short and all the flowers crowded together. This clustered 
form is called a fascicle. 



The cyathium (Fig. 193) is a peculiar inflorescence found in Euphorbia 
(the Spurge). There is a cup-shaped involucre the margin of which 
bears a number of crescent-shaped glandular scales. Inside the cup 



Fig. 192. Diagram in- 
dicating THE RELATION 
of Flowers in half of 
a Verticillaster. 



Euphorbia. 


there are a number of stamens; also a gynaeceum borne on a stalk. 
The whole structure looks like a single flower; but each stamen is 
really a male or staminate flower, and the gynaeceum with its stalk 
is the female or pistillate flower. This is borne out by the fact that 
each stamen is articulated to a stalk and has a scaly bract at its base. 
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6. Comparison of Cymose and Racemose Types. — It seems probable 
that all eymoso inflorescences have been derived from racemose ones 
by a shortening of the main axis and a delay in the development of the 
lateral branches, to which the main power of growth is at the same 
time transferred. 

The cymose inflorescence is certainly an advance upon the racemose 
type, for in the former new flowers continually appear on the exposed 
surface of the inflorescence, while the fruits ripen securely buried among 
the older parts of the mass of branches. The tendency in racemes, on 
the other hand, is to simultaneous flowering, such as is exhibited more 
or less perfectly by many umbels and capitula and especially by corymbs. 
In such cases there is an ever-present danger that the short period of 
flowering may occur at a time when the conditions are not suitable for 
the production of fertile seed. 

Racemes such as those of the Wallflower, in which the lower flowers 
may open months before the apex of the raceme ceases flowering, do 
not incur this danger, but the exposed position of the young succulent 
fruits is an obvious disadvantage, hero and in other Crucifers also. 
Moreover, if the growing point of a young raceme is destroyed, the power 
of producing flowers may be temporarily lost, whereas the destruction 
of the apex of a cyme involves the loss of a single flower only, and the 
lateral axes continue their growth with even greater vigour than before. 



CHAPTER XT. 


REPRODUCTION AND LIFE-HISTORY OF THE 
ANGIOSPERM. 

1. Hitherto we have been dealing chiefly with the individual 
plant — its structure, nutrition, and growth. We have now 
to see how the plant reproduces its kind and perpetuates the 
species, for that is the ultimate object of its existence. In 
connection with the reproductive processes we shall consider 
the general course of development — in other words, the life- 
history of the plant. 

2. Vegetative Reproduction (p. 16).— The essential feature 
in all vegetative reproduction is that the more or less specialised 
part which is separated off from the vegetative region of the 
parent directly develops into a new plant resembling the parent. 
The part thus separated off has different forms in different 
cases, but in nearly all cases in the higher plants it either 
consists of a bud, more or less specialised, or bears one or 
more buds. The bud, being either buried in the soil, or in 
contact with the soil, sends down roots from its base, while 
above ground it develops into a shoot. The development, at 
first, is dependent on stored food-material. 

Copious vegetative reproduction is found amongst the 
Angiosperms, and it takes many forms. Sometimes specialised 
buds are developed for this purpose, e.g. bulbils (p. 86), while 
in many plants, if a shoot happens to be buried in the soil, 
the ordinary buds in the axils of the leaves send down roots, 
and develop into shoots which become separated. Vegetative 
reproduction by means of runners, suckers, tubers, bulbs, 
conns, rhizomes, etc., has already been referred to in Chap. IV. 
As a rule, vegetative reproduction does not lead to any very 
wide distribution of a plant. 
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3. Reproduction by Seed. — This is by far the more impor- 
tant method, tending, as it does, not only to maintain the 
vigour and vitality of the species, but also to secure its more 
extended distribution. We shall find that in the formation 
of the seed a sexual process (p. 10) takes place in the plant, 
similar in all essential points to that which is found in animals. 
The processes which lead up to the formation of seed and fruit 
are very complicated, and we must now consider them in 
detail. 

4. Pollination. — In order that seed may be produced, the 
pollen grains must be transferred from the anthers to the 
stigma. The meaning of this will be explained in what 
follows. This transference of the pollen-grains is called 
pollination. There may be (a) self-pollination; or (6) cross- 
pollination. In the former, the pollen-grains simply fall, or 
are transferred in some way, from the anthers to the stigma 
or stigmas of the same flower. In the latter, they are carried 
in various ways to the stigma or stigmas of other flowers , 
either on the same plant, or on different plants of the same 
species. As pollination is followed, later, by the process of 
fertilisation, the terms self -fertilisation (autogamy) and cross- 
fertilisation (allogamy) are often used. The student, how- 
ever, must carefully distinguish between pollination and 
fertilisation. 

The great majority of Angiosperms have hermaphrodite 
flowers, and therefore one would perhaps naturally expect, 
in most cases, to find self-pollination. As a matter of fact, 
however, cross-pollination is of general occurrence in herma- 
phrodite flowers, and most of them show obvious adaptations 
for securing it. 

This being so, we must believe that there is some considerable 
advantage accruing to the species from cross-pollination. 
The probable explanation has been supplied by numerous 
experiments in pollination made on plants. It has been 
found that, when cross-pollination occurs, the resulting seeds 
either are more numerous, or are heavier, and give rise to 
stronger offspring than is the case when self-pollination occurs. 
This is more especially the case when the pollen is transferred. 
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not simply from one flower to another on the same plant, but 
from one plant to another. Now, we may correlate this with 
the fact that in sexual reproduction the offspring inherits 
characters from both sides. In self-pollination there is simply 
the mixing of practically similar characters, while in cross- 
pollination there is a mixing of more or less dissimilar charac- 
ters. In the latter case useful variations are more likely to 
arise, and be transmitted, giving the offspring a better chance 
in the struggle for existence. 

Self-pollination, however, is of extremely common occur- 
rence in hermaphrodite flowers, even in many which are 
evidently well-adapted for cross-pollination; and cases are 
not uncommon where special arrangements are made for 
self-pollination. This seems to indicate that, in most plants, 
occasional cross-pollination only is necessary —that it need 
not be of regular, or even of frequent occurrence. 

C ross-pollination m ay be effected by various agencies. 
Thus, tne pollen may be transferred by means of the wind, 
water, or animals, and the flowers are said to be anemophilous, 
hydrophilous, or zdophilous respectively. Grasses, Meadow 
Rue, Nettle, are good examples* of anemophilous flowers. 
Hydrophilous* flowers are foujpd^i ^ lew watei^iagts; but 
most aquatic plants raise their flower^well out of the wate* 
and are pollinated by wind or by insects. While we have 
examples of flowers being pollinated by means of such animals 
as slugs, snails, humming-birds, etc., the animals thus employed 
are, in nearly all cases, insects (flies, moths, bees, etc,). Such 
flowers are said to be en tomophilous . The great majority of 
Angiospermous flowers are sucE. Here we recognise an 
intimate interrelation existing between the plant and animal 
kingdoms. 

5. Contrivances and Conditions favouring Cross-pollination. 

— There are in flowers many arrangements and mechanisms 
which can only be interpreted as adaptations for cross-pol- 
lination. Usually such arrangements and mechanisms merely 
give chances in favour of cross-pollination without precluding 
the possibility of self-pollination. Sometimes, however, they 
make self-pollination difficult, or altogether impossible. 
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CROSS-POLLINATION. 

0 

In plants with unisexual flowers, of course, cross-pollination 
is absolutely necessary if seed is to be produced. We have this 
condition in its extreme form in dioecious plants, e.g. the 
Willow. There are a few plants, also, in which fgpss-pol- 
lination must take place because the plants are s elf -sterile , i.e. 
the flower cannot be fertilised by its own pollenf this occurs 
in some species of Passion-flower, of Lobelia, and of Abutilon. 
In some plants, again, self-pollination may be rendered 
unlikely or difficult o wing to the relative position of anthers 
and stigma. (^ y 

^'IcondrETon of much more general occurrence is that known 
as DichogamyxLThis is a condition in which the anthers and 
stignuHnEermaphrodite flowers come to maturity at different 
times, and which, when completely developed, entirely 
prevents self-poll i nation . 

There are two forms of Dichogamy : (a) protandry , in which 
the anthers ripen first, so that when the pollen-grains are shed 
the stigma of the same flower is not ready to receive them; 
in this case, if the pollen-grains are not to be wasted, they must 
be transferred to an older flower; (b) protogyny, in which the 
stigma ripens first; here the pollen-grains are transferred to a 
younger flower. Protandrous flowers are much more common 
than protogynous. Examples of the former are found in 
Compositae, Labiatae, Umbelliferae, Harebells, Willow- 
herbs, etc. ; of the latter in Plantains, Woodrush, Eigwort, 
Hawthorn, Paeony, Christmas Bose, etc. Wind-pollinated 
flowers are more often protogynous than protandrous, but 
many are unisexual. 

Anemophilous and entomophilous flowers have each special 
characters of their own, so that as a rule we can distinguish 
them at a glance.^ In anemophilous flowers the pollep is 
u sually dr y and smooth, and is produced in gr eat abundance.! 
as jmuen of it must be wasted ; the flowers are small and 
inconspicuous; there is no honey or^rf ume; and frequently 
the~ sti gmas^ar^) ran ched and featHery^ to catch the pollen- 
grains. In many trees which Ere wmd-pollinated the flowers 
appear in spring before the leaves, so that the pollen-grains 
have free access to the flowers. In most herbaceous plants 
with wind-pollinated flowers, the latter are carried up on a 
i. bot. 18 
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long stalk, well above the leaves, so as to expose them 
as freely as possible to the wind ( e.g . Plantains, Docks, 
Sorrels, etc.). 

Much greater variety of adaptation is shown by entomophi- 
lous flowers. As a rule they have Iargr?, conspicuous, or highly- 
coloured corollas , or are arranged" in conspicuous inflorescen- 
ces; they usually s ecret e ho ney and give out perfume. The 
pollen is usually rough and sticky^nd is not produced in any 
great abundance, as the provTsTonTor its transference is more 
perfect. The bright corollas, the perfume and honey serve to 
attract insec ts. To understand this, the student must 
remember that insects do not visit flowers for nothing. They 
go in search of food. In return for the service rendered by 
insects the flowers sacrifice part of their nutritive substance 
in providing food to the insects (honey and pollen), and 
make a further sacrifice in developing certain structures 
(corollas) which will attract the insects. By instinct insects 
associate these attractive structures with the presence of a 
supply of food-material. 

A honeyless but otherwise insect-attracting flower is some- 
times called a “ pollen-flower.” Examples are found in 
Poppies, Dog-rose, Rock-rose, Wood Anemone, Traveller’s 
Joy, St. John’s Wort, Gorse, Broom, Meadow Sweet. These 
flowers are visited by insects for pollen. 

Many entomophilous flowers are further characterised by the 
presence of ingeniou^ffinechanical devices, which guide and 
control the movements ~oF the insect and turn them to the 
best account. Thus, in many cases, the corolla is so modified 
that the insect must alight on the flower or enter it in a special 
way (e.g. Labiatae, Leguminosae); the same result may be 
attained by the secretion of nectar into special receptacles or 
spurs (e.g. in the Violet). Often the insect, on entering a 
flower, pushes against special processes or outgrowths which 
move the stamens and bring the anthers in contact with its 
body (e.g. in the Sage) ; or the stamens may be jerked, and the 
pollen scattered over the insect’s body. Frequently spots or 
lines of a conspicuous colour are developed on the corolla; 
these have been called “ honey-guides,” as they are believed 
to afford insects guidance in seeking out the honey. 
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The general result of all these devices is that the insect 
receives the pollen on a special part of its body, and when it 
enters another flower the pollen is deposited on the stigma. 
In many protandrous flowers this is secured by the style 
bending over so that the stigma is in the position formerly 
occupied by the stamens. 

A very special, but at the same time very simple, arrange- 
ment for making the best use of the insects is the condition 
known as he terostylyl It is seen in the Primrose. Here there 
are two types of flower borne on different plants. One kind 
(thrum-eyed) has long stamens (with anthers in the throat of 
the corolla tube) and a short style; the other (pin-eyed) has 
a long style and short stamens; thus in the two types the 
positions of anthers and stigma are simply reversed. 
Evidently pollination will be most readily effected by trans- 
ference between these two forms (legitimate pollination) and 
not between two flowers of the same form (illegitimate pol- 
lination; and experiment has proved that the best seed is 
produced when this is the case. In the Primrose there are 
two kinds of flower; this is the dimorphic form of heterostyly. 
In the Purple Loosestrife (Lythrum) there are three, i.e. 
flowers with long, short, and medium stamens; this is the 
trimorphic form. 

6. Insects that Visit Flowers. — The chief flower-visiting 
insects are beetles (Coleoptera), flies (Diptera), bees and wasps 
(Hymenoptera), butterflies and moths (Lepidoptera). In 
connection with the pollination of flowers, the important 
differences to be noticed between these insects are the size 
of the body, the length of the tongue (proboscis), the time of 
year at which each kind is most plentiful, and their habits — 
e.g. whether they collect pollen or honey or both, whether they 
fly by day or in the evening. By carefully studying the struc- 
ture of a flower, and noting such points as the time of flowering, 
the order in which the anthers and stigmas mature, the 
relative positions of anthers and stigmas in the open flower 
and any changes in position that may occur, we can often 
tell what kind of insect is capable of effecting cross-pollination, 
and whether or not self-pollination is possible. 
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Most flies and beetles have very short tongues, usually less than 
3 mm. long. Most of the larger and longer-tongued flies, e.g. Gadflies, 
“ Cleggs,” and Horseflies (which are blood-suckers) do not visit flowers; 
but there are some, chiefly Hover-flies and Bee-flies, with tongues 
sometimes as long as 12 mm., which are regular flower- visitors. 

Flowers may be arranged in various biological groups or classes 
according to their adaptations for insect-visitation: — 

(1) Flowers adapted for Short-tongued Insects. — -These may be (a) 
flowers in which the honey is freely exposed on the surface, e.g. Ivy, 
Umbelliferae, Golden Saxifrage, etc.; ( b ) flowers with a very short tube, 
e.g. Moschatel, Bedstraw, Enchanter's Nightshade; (c) shallow open 
flowers such as Stonecrop and Saxifrages. Such flowers are visited by 
the shorter-tongued beetles and flies. 

(2) Flowers with Partially-concealed Honey. — This group includes 
flowers in which the honey can bo reached only by insects with tongues 
at least 3 mm. in length, and which are therefore visited by the longer- 
tongued beetles and flies, as well as by insects of higher type. The 
honey may be slightly concealed by the stamens, e.g. Buttercup and 
Stitchwort; by the erect stiff sepals, as in the smaller Cruciferae; by 
the formation of a shallow calyx-tube, as in many Rosaceae (e.g. Straw- 
berry); by a short corolla tube, e.g. the shorter-tubed Compositae, 
Guelder Rose, etc. 

(3) Flowers with Fully-concealed Honey. — This type of flower differs 
only in degree from the last. Here the honey can only be reached by 
insects having tongues about 6 mm. long, including the longest-tongued 
flies (chiefly hover-flies), the shorter-tongued bees, and wasps. The 
concealment of the honey is effected by a further deepening of the 
flower, owing to the formation of a calyx-tube, to the calyx being 
gamosepalous or the corolla gamopetalous, or to other causes. Examples 
of these medium-tubed flowers are seen in the Blackberry, Currants, 
Gooseberry, Willow-herb, Geranium, Speedwell, etc. The Figwort, 
Snowberry, and Barberry are examples of flowers largely visited by 
wasps. 

(4) Long-tubed Flowers. — When the flower-tube becomes longer, all 
the shorter-tongued insects are more or less completely excluded, and 
the flower is adapted for, and chiefly visited by, the larger bees, butter- 
flies, and moths. Many flowers belonging to the Lily, Daffodil, and Iris 
families of Monocotyledons, in which the perianth nearly always forms 
a long tube, come under this type. Flowers like those of Papilionaceae, 
Snapdragon, and Toadflax can only be opened by large bees, and only 
the longest-tongued bees can reach the honey in such flowers as Monks- 
hood and Larkspur. 

Humble- and hive-bees have the most perfect mechanism (the “ pollen- 
baskets ” on the hind-legs) for collecting pollen to mix with honey and 
feed their broods. Humble-bees have longer tongues than hive-bees, 
and are particularly skilful in finding the way to well-concealed honey. 

Blue, purple, and red colours are often associated with flowers visited by 
bees (especially blue and purple) and butterflies (especially red), while 
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flowers visited by other insects are usually white, yellow, or variegated; 
but there are far too many exceptions to allow of a general rule. 

(5) Butterfly- and Moth-Flowers. — When the flower-tube (or at any 
rate the level of the honey) is more than about 12 mm. (about half an 
inch) deep, the honey is beyond the reach of bees, though they may 
visit the flower for pollen, or the humble-bee may bite through the tube 
(calyx or corolla) and thus rob the flower of its honey. Good examples 
of butterfly-flowers are seen in the Pinks, Red Campion, Corn-cockle, 
but butterflies also visit many flowers which are adapted for bees, 
most butterflies and moths having tongues of about the same length as, 
or a little longer than, those of bees. 

Some moths, however, have 
far longer tongues (30 mm. or 
more in British species), which 
are (as in butterflies) carried 
coiled up in a spiral under the 
head when flying . These moths 
can reach honey when it is at 
the bottom of a very long tube, 
as in the Honeysuckle, which 
is visited chiefly by the night- 
flying Privet Hawk-moth, and 
the White Convolvulus, which is 
pollinated by another species of 
Hawk -moth ( Sphinx convolvuli, 
tongue 80 mm. long), and rarely 
sets seed in England owing to 
the rarity of this moth. Other 
flowers pollinated by night- 
flying moths are the White 
Campion ( Lychnis vespertina ), 

Evening Primrose, Tobacco 
Plant, and Privet. Moth-pol- 
linated flowers are white or 
pale -coloured, sweetly scented, 
and open in the evening, 
usually remaining closed and 
almost scentless during the day. 

7. Examples of Floral Mechanism. — (a) In the Garden Pansy (Fig. 194) 
the anthers of the five stamens are firmly joined by hairs on their edges, 
and the two anterior stamens bear processes, functioning as nectar- 
glands, which pass down into the spur of the anterior petal. A space 
or chamber (“ pollen-box ”) is enclosed above the ovary, at the base 
of the style, by the five membranous scales borne on top of the anthers. 
The stigma, which projects beyond the anther-scales, is dilated and 
hollow. It has a tuft of hairs on each side, and below there is an 
opening into it, the lower edge of which is protected by a lip or flap 
(the scraper ”). 



Fig. 194. Longitudinal Section of 
Flower of Garden Pansy. 
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The flowers are not erect, but hang down, and hence the pollen, which 
is shed on the inner faces of the anthers, and is dry and loose, not sticky 
as in most cntomophilous flowers, falls into the “ pollen-box,” from which 
it can escape only through the opening between the scales of the two 
anterior anthers. The stigma is protected, and self-pollination thus 
prevented, by the “ scraper.” 

The flowers arc pollinated by long-tongued bees (and butterflies). 
When the insect enters the flower, pollen obtained from another flower 
may be deposited on the stigma, and cross-pollination thus effected. 
Pushing down into the spur of the anterior petal to reach the honey, 
the insect receives a supply of pollen which has escaped from the 
“ pollen- box.” The “ scraper ” prevents this pollen being deposited 
on the stigma as the insect retires. 

The visits of desirable insects are encouraged by the conspicuously 
coloured centre of the flower, and by the honey-guides on the lateral 
and spur-petals. The entrance of small undesirable visitors is hindered 
by the hairs on the lateral petals and on the sides of the stigma, by the 
hairs lining the entrance and cavity of the spur, and by the length of 
the spur itself. 

(6) In the Sage (Salvia), one of the Labiate Family, an interesting 
mechanism is found (Fig. 195). The corolla is bilabiate. The con- 
spicuous lower lip attracts insects, and acts as a landing-place. The 
arched upper lip protects the stamens and style. There are only two 
stamens, the other two, characteristic of the Labiate Family, being 
represented in the Sage by staminodes. 



Fig. 195. I., Flower of Sage from side; II., with Humble-bee 

EXTRACTING NECTAR, AND THE ANTHERS RUBBING AGAINST ITS BACK; 

III., Single Stamen. 

The two stamens have a peculiar structure. Each has a short 
filament, jointed to a long curved connective (Fig. 195, III. c) In 
the lower types of Salvia each end of the connective bears a half -anther, 
but in the higher types ( e.g . the Garden Sage) the lower end of the 
connective is barren and flattened (Fig. 195, III. B), and the upper 
part of the connective is longer than the lower, the whole forming a 
delicate lever. 

A bee on entering the flower pushes against the united lower ends 
of the two connectives in seeking for the honey, and causes the curved 
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connectives to swing on the filaments as on hinges, so that the two 
fertile anther-lobes (a) come down and strike the bee’s back, dusting it 
with pollen. As the bee retires, the stamens return to their former 
place under the corolla-hood. 

The flowers are protandrous. As the flower gets older the style bends 
down, and the stigma is first touched by a bee entering the flower. 

8. Special Arrangements for Self-Pollination.— In studying 
floral mechanisms we are too apt to forget that self-pollination 
occurs regularly in most flowers where it is not precluded by 
dioecism, complete dichogamy, or self-sterility, that it is rarely 
much inferior to cross-pollination in its results, and that it is 
always better than no pollination. 

Many annual plants cannot afford to undertake the risks 
and sacrifices attendant on cross-pollination and are commonly 
self-pollinated (e.g. Groundsel, Chickweed). They have small 
flowers, often without honey or smell, and are either homo- 
gamous, that is, their anthers and stigmas mature at the same 
time, or so slightly dichogamous that self-pollination is secure. 

Even in flowers evidently adapted for cross-pollination 
there is commonly the possibility of self-pollination as a last 
resort. Many of them are distinctly dichogamous, but not 
completely so, there being usually a short period during which 
self-pollination becomes possible. To effect this there are 
sometimes special contrivances such as the curling back of the 
stigmas to reach the pollen (e.g. Compositae, Campanulaceae). 

A very special adaptation for self-pollination is the produc- 
tion of cleistogamous flowers. These are closed flowers 
produced late in the year by certain plants which had 
previously produced entomophilous flowers, e.g . the Sweet 
Violet, the Wood Sorrel, Lamium amplexicaule (one of the 
Dead-nettles), etc. In these plants the ordinary entomo- 
philous flowers frequently fail to produce seed. The cleisto- 
gamous flower is small and inconspicuous. The calyx never 
opens, and the stamens and pistil are developed in a closed 
case. 

In the Sweet Violet the self-pollinating cleistogamic flowers have five 
very small petals and five stamens, but in the Dog Violet there are only 
two stamens. The anthers produce few pollen-grains, and do not 
open; the grains germinate inside the anther, and the pollen-tubes 
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(see § 10) grow through the anther-wall and tlie stylo to reach the 
ovules. The formation of these flowers is partly dependent on shade; 
they are always shaded by the leaves of the plant itself. If a plant is 
kept in feeble light, it will usually produce only those cleistogamic 
flowers. They are probably to be regarded as derived from flowers of 
the ordinary type which have undergone reduction owing to diminished 
nutrition. 


9. Protection of Pollen against Rain. — Pollen-grains, like 
seeds, are much less resistant to extremes of temperature and 
to drying when once they have been moistened and have 
begun in consequence to germinate. Pollen may be protected 
from rain in various ways. In some flowers, especially those 
whose pollen is exposed to rain when the flower opens, the 
pollen grains are not readily wetted, having a covering of wax 
or of spines, etc. 


Many flowers protect the pollen by their horizontal or 
drooping position, e.g. Heaths, Bluebell, Lily of the Valley, 
Violet. In some cases the flower closes up at night or in bad 

weather, e.g . Wood Sorrel, Tulip, 
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Crocus, Lesser Celandine, Scarlet 
Pimpernel; and the same kind 
of closing is effected in the 
flower-heads of many Com- 
posites by the movement of the 
flowers and bracts. In the Iris 
the large petaloid stigmas cover 
the stamens, and in many flowers 



the stamens are protected by a 
hood formed by the sepals or 
petals, or by both. 

10. Germination of the Pollen 
Grain. Processes leading up to 
and ending in Fertilisation.— -At 


Fig. 196. Germination or first the pollen grain is unicel- 
Pollen-orain. lular (Fig. 167), but later, even 


before it leaves the anther, its 


nucleus and protoplasm divide to form two cells (Fig. 196, a). 
One of these, the generative cell, is small and lies freely in 
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the protoplasm of the larger or vegetative cell. Either before 
or after pollination it divides again into two male cells or 
gametes (see p. 17). There are no cell-walls between these 
cells. Germination and further development take place on 
the stigma, which secretes a sugary nutritive fluid. 

The vegetative cell bursts the exine at a point where it is 
thin and grows out into a very slender pollen-tube (Fig. 196, b). 
The pollen-tube grows down through the tissue of stigma and 
style and finally enters the ovary. Its development and 
growth are at first stimulated and directed by chemical 
substances contained in the stigma. This is an example of 
chemotropism or sensitiveness to chemical stimuli (p. 229). 
Its growth through the tissue of stigma and style is effected 
by ferment action and closely resembles that of the hypha of 
a fungus. 

After entering the ovary the pollen-tube is guided in 
various ways towards an ovule, which it enters usually by 
the micropyle. It pierces the apex of the nucellus and 
comes in contact with the embyro-sac near to the oosphere 
and synergidae. The male gametes together with the nucleus 
of the vegetative cell have by this time passed down to the 
apex of the pollen-tube. One male gamete only is concerned in 
the actual process of fertilisation. It passes from the pollen 
tube into the embryo-sac and fuses with the oosphere. The 
synergidae assist in the process, hence their names synergidae 
or “help-cells” (Gr. <rw 9 with, epyov, work). They contain 
little protoplasm, but plenty of sap which is absorbed by the 
pollen-tube when it has reached the surface of the sac. This 
causes the tip of the pollen-tube to swell and burst, thus 
setting the male gametes free. 

The fusion of the male gamete, which consists of the male 
pronucleus with little, if any cytoplasm, with the oosphere 
constitutes fertilisation in the strict sense. It is evidently a 
sexual union similar to that which occurs in animals. The 
oosphere is the female cell or gamete. During the process the 
vegetative nucleus is disorganised. The fertilised oosphere 
forms a cellulose wail and is then called the oospore (p. 48). 

The fate of the second male nucleus was, until recently, 
unknown. It has now been shown, in many plants, that it 
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passes to the middle of the embryo-sac and fuses with the 
secondary nucleus. The resulting nucleus is called the 
endosperm-nucleus . The significance of this process, which 
resembles fertilisation, and which, together with the actual 
fertilisation of the oosphere, constitutes what has been called 
“ double fertilisation,” is considered in § 12. 

The chromosomes of the male nucleus do not fuse with those 
of the oosphere at fertilisation. The nucleus of the oospore, 
therefore, contains twice as many chromosomes as the gamete 
nuclei, and is said to possess the diploid number of chromo- 
somes, while the gamete nuclei have the haploid number. 

In a very few Dicotyledons, e.g . the Hazel and Birch, the pollen-tube 
does not enter the ovule by the micropyle, but by piercing the chalaza 
or base of the ovule. This is known as chalazogamic fertilisation as 
distinguished from the usual or porogamic method. It has no systematic 
importance, as it occurs in plants which are not closely related to each 
other. 

11. Development of the Embryo. — The stimulus of fertilisa- 
tion induces changes in the embryo-sac and ovary, and leads 
to the development of the seed and fruit. The embryo is 
developed from the oospore. After fertilisation the syner- 
gidae disappear. 

The development of the embryo in the Shepherd’s Purse 
(Capsella bursa-pastor is) may be taken as fairly typical of 
Dicotyledons generally. The oospore first of all divides into 
two cells, an upper and a lower (Fig. 197). The upper cell, 
which becomes attached to the micropylar end of the embryo- 
sac, further divides by a scries of divisions parallel to the first 
and gives rise to a row or filament of cells called the suspensor. 
The lower cell is attached to the end of this and divides by 
three walls at right angles into eight cells (octants). Four of 
these are posterior (next the suspensor), four anterior. This 
little mass of tissue is called the embryonal mass. 

As the embryonal mass increases in size the various parts 
of the embryo are gradually differentiated. The terminal 
plumule and the two cotyledons are derived from the four 
anterior octants, the hypocotyl from the posterior octants; 
the growing point of the radicle — in other words, the primary 
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root — is derived from the terminal cell of the suspensor, called 
the hypophysis cell. The marking out of plerome, etc., can be 
readily followed in Fig. 197. 



Fig. 197. Development of Dicotyledonous Embryo 
( Capsella bursa-pasloris, the Shepherd’s Purse). 

A, Firat division of oospore. Only two of the octant-walls 
(1, *2) can be shown. 

In Monocotyledons, also, the first division of the oospore is 
into upper and lower cells; but the course of development 
differs in different groups, and there is no monocotyledonous 
plant in which the development of the embryo can be regarded 
as typical of Monocotyledons generally. In some cases no 
suspensor is formed and the whole of the embryo is developed 
from the embryonal cell. In other cases there is a filamentous 
suspensor which takes part to a greater or less extent in the 
formation of the embryo. This is the characteristic mode of 
development in monocotyledonous aquatic plants of which 
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Alisma plantago may be taken as the type (Fig. 198). In the 
Lily family, which may be taken as more characteristic of 
Monocotyledons generally, the suspcnsor is massive and the 

greater part of the embryo 
is developed from the em- 
bryonal mass. 

The chief point to notice 
in the development of the 
monocotyledonous embryo is 
that, except in a very few 
cases, the cotyledon is a 
terminal structure, and the 
plumule arises as a lateral 
outgrowth. 

In some plants, e.g. Lesser 
Celandine, Orchids, and most 
parasitic plants, the embryo con- 
sists of an undifferentiated mass 
of cells when the seed enters on 
its resting stage. 

12. Development of the 
Endosperm. — While the seg- 
mentation of the oospore and 
the development of the em- 
bryo are taking place other 
changes are proceeding in the 
embryo-sac. The endosperm- 
nucleus begins rapid karyo- 
kinetic division, and produces 
a large number of small nuclei 
embedded in the protoplasm of the embryo-sac (free nuclear 
division). The protoplasm aggregates round these nuclei to 
form protoplasts (p. 20), and finally cell-walls are laid down 
between them. Thus by a process of multicellular formation 
(p. 47), starting from the endosperm-nucleus, a tissue is formed 
in the embryo-sac. The cells of this tissue become laden with 
food-material (starch, oil, aleurone grains, etc.) built up from 
soluble compounds which diffuse into them from the placenta. 




Fig. 198. Development of Mono- 
cotyledonous Embryo ( Alisma ). 
a is tlio Embryonal Cell (in B) forming 
the embryonal mass (in C, D, E, F) ; it 
gives rise to the cotyledon, r , e , / 

are formed by division of 6, the terminal 
cell of suspensor. c gives growing-point 
of stem ; d , e give hypocotyl , /, the 
growing-point of root. 
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The nutritive tissue thus formed in the embryo-sac is the 

endosperm. 

The probable significance of the fusion of the second male 
nucleus with the secondary nucleus of the embryo-sac (“ double 
fertilisation,” p. 282) is that it provides the necessary stimulus 
to the development of the endosperm tissue. 

In a few plants, more especially when the embryo-sac is large, the 
endosperm is not produced by multicellular-formation, but by ordinary 
cell-division of the embryo-sac, i.e. the secondary nucleus divides into 
two, and then a wall is laid down dividing the embryo-sac into two 
cells, in each of which the process is repeated. 

13. Apogamy and Parthenogenesis. — In a few cases amongst Flowering 
Plants ( e.g . in species of Thalictrum, Alchemilla , and various Composites) 
the oosphere or egg-cell may develop into an embryo, although unfertilised. 
This phenomenon, in which an embryo is developed in spite of the 
omission of the sexual process, is called apogamy. Sometimes in lower 
plants the embryo is developed by a purely vegetative process (vegetative 
apogamy). When, as in the flowering plants mentioned, it is developed 
from an unfertilised egg-cell the phenomenon is called parthenogenetic 
apogamy or parthenogenesis. It has been found, however, that in the 
above plants the oospheres are diploid, the reducing division not having 
taken place, so that they are not really fitted for fertilisation. 

14. Adventitious Embryos — Polyembryony. — In some plants a number 
of embryos may be formed in one ovule, and be found in the seed which 
is produced. This phenomenon is known as polyembryony. It may bo 
due to the presence of more than one embryo-sac in the same ovule, or 
of more than one egg-cell in the embryo -sac. As a rule, however, the 
accessory embryos arise by budding from the cells of the nucellus (e.g. 
in Orange and Lemon); but they may arise from the suspensor (in some 
monocotyledons), or from the synergidao ( Convolvulus sepium), or in 
rare cases from the antipodal cells. Embryos formed in this way are 
called adventitious embryos. 

15. Formation of Seed and Fruit. — The embryo-sac with its 
developing contents increases in size, and the nucellus is 
gradually crushed and disorganised, and finally disappears. 
The integument or integuments of the ovule become dry and 
firm, and form the seed-coat surrounding and protecting the 
embryo and endosperm. The ovule has now developed into 
the seed. 

In all seeds at an early stage endosperm is present. If the 
embryo remains small, and the endosperm persists, the fully- 
formed seed is albuminous (most Monocotyledons and many 
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Dicotyledons). In many Dicotyledons, however, and in a 
few Monocotyledons, the cotyledons of the embryo absorb 
the endosperm tissue while the seed is ripening; in this case 
the endosperm disappears, and the embryo is large. These are 
exalbuminous seeds. 

In a very few cases the nuceilus is not completely dis- 
organised, but, like the endosperm tissue, becomes laden with 
food-material. The nutritive tissue thus formed outside the 
embryo-sac, and therefore quite distinct from the endosperm, 
is called perisperm ( e.g . Water Lily and Pepper). 

It does not follow that all the ovules whose egg-cells are 
fertilised form fully developed seeds. In many cases there is a 
struggle for dominance amongst the developing seeds in an ovary 
owing to a limited supply of food-material or other causes. 
Not unfrequently only one ovule comes to maturity. Thus in 
the Oak and Beech the ovary is trilocular, with two ovules in 
each loculus ; but the fruit is unilocular and one-seeded. 

The seed, then, is the highly specialised reproductive structure 
which is formed in Flowering Plants by developmental changes 
induced in the ovule by the stimulus of fertilisation. But the 
student has now to notice that these induced or stimulated 
developments are not confined to the ovule, but extend to 
other parts. Processes of secondary growth are set up in the 
ovary and the neighbouring parts of the flower. The entire 
result of these changes constitutes the fruit in the wide sense 
of the term. 

The function of the fruit is to protect the seed, and to secure 
its proper dispersal at the right time. 

16. The Suspensor. — It is only occasionally that the sus- 
pensor acts as an absorbing organ. Its function is simply to 
push the embryo down into the endosperm. Sometimes, how- 
ever, when the suspensor is massive, it sends out processes 
which pierce the nuceilus and integuments, bury themselves 
in the placenta, and take up food-material (some Orchids). 

17. Development of the New Plant. — A period of rest, 
previous to germination, usually follows the complete develop- 
ment of the seed. This period may be short or long. Many 
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seeds can retain their vitality for many years, but if this period 
is indefinitely prolonged, the vitality is, sooner or later, lost. 
This explains the sudden appearance of weeds on land which 
has been reclaimed and brought under cultivation. 

Thus the development of the oospore into the adult plant 
takes place in two stages — one inside the seed, leading to the 
formation of an embryo, the other when germination takes 
place, and the embryo develops into the adult plant (see p. 229). 

18. Aril and Caruncle. — Sometimes after fertilisation an 
additional investment is formed on the seed called the aril . 
It may be developed from either the funic! e or the micropyle, 
and is usually fleshy, but may have other forms. In the 
Spindle-tree it is fleshy and micropylar in origin; in the Willow 
and Poplar it is hairy and funicular. The mace of the nutmeg 
is an aril developed from both micropyle and funicle. Smaller 
growths on the seed are called caruncles , e.g. the Pansy, in 
which the caruncle is formed at the hilum, the Castor-oil 
(Fig. 40) and Spurge, where it is formed at the micropyle; 
the tuft of hairs on the seed of the Willow-herb is also of 
this nature. Most botanists apply the term aril to all growths 
or investments formed on the seed-coat after fertilisation. 



CHAPTER XII. 


FRUITS AND SEEDS. 

1. The fruit of the Angiosperm in the wide sense is the 
entire result of secondary growth induced in the ovary and 
neighbouring parts of the flower by the stimulus of fertilisation. 
It usually consists simply of the ripened ovary, but in many 
cases other parts of the flower take a share ill the formation 
of the fruit, e.g. the thalamus, or the perianth-leaves. The 
wall of the ovary becomes the pericarp or fruit- wall, which 
may either remain soft and fleshy, or become dry and hard. 

Botanists liave distinguished true fruits , formed from the ovary- 
alone, from false fruits (pseudocarps), in the formation of which other 
parts of the flower take a part. No importance can be attached to this 
distinction. It would lead, for example, to the view that all fruits 
formed from inferior ovaries are false fruits, seeing that in the inferior 
ovary the carpels are adherent to the thalamus or calyx-tube. The 
really important thing in connection with the study of fruits is to 
recognise that the manifold peculiarities of form and structure which 
they exhibit are to be interpreted as due to the diversity of ways in which 
they have beeh adapted to carry on the functions of seed -protection 
and seed-dispersal. 

2. Classification of Fruits. — Fruits may be simple, aggregate, 
or composite. A simple fruit is one which is formed from a 
single flower in which the pistil is monocarpellary o r svnear- 

e,g. the pod of the Pea, the capsule of tlie Poppy. An 
aggregate fruit is one which is formed from a single flower in 
which the gynaeceum is a pocarpous. Here each carpel (or 
rather ovary) gives rise to a fruitlet, and the fruit therefore 
consists of an aggregation of fruitlets. A composite fruit, on 
the other hand, is formed from an inflorescence , not from a 
single flower. Here all the flowers increase in size, become 
aggregated together, and form a single mass. These composite 
fruits are called syncarps. 
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The Simple Fruits are further subdivided into dry and 
succulent according as the pericarp is dry and firm or more 
or less fleshy and juicy. The dry simple fruits are either 
achenial, capsular, or schizocarpic ; the succulent simple fruits 
may be drupaceous, baccate, or pomes. The aggregate fruits 
are collections of one or other of these simple forms. The 
syncarps have peculiarities which distinctly mark them off 
from these others. 

It should be noticed that there is no sharp distinction 
between dry and succulent fruits. There are examples of 
fleshy capsules and dry drupes. 

3 . Achenial Fruits. — Achenial fruits may be defined as dry , 
indehiscent, one-seeded fruits. The term indehiscent means 
that the pericarp does not naturally burst open to allow the 
seed to escape. The pericarp and testa are both ruptured 
when the embryo begins to develop at germination. The 
chief types of achenial fruits are: — 

(a) The achene, in which the pericarp is membranous or 
leathery. It is formed from a superior ovary, and pericarp 
and testa are free from each other. Examples are found in 
the Polygonaceae (Docks and Sorrels). Many aggregate fruits 
consist of collections of achenes. 

(b) The cypsela (Figs. 37 and 199, a). This differs from 
the achene only in being developed from an inferior ovary. 
It is the characteristic fruit of the Compositae (Sunflower, 
Daisy, etc.). In many cases it is crowned by a persistent 
hairy pappus (p. 244) which serves to disseminate the fruits 
(e.g. Dandelion, Thistle, Groundsel, etc.). 

(c) The caryopsis (Figs. 41 and 199, c). This id simply an 
achene in which the pericarp and testa are fused together. 
It is the characteristic fruit of Grasses (Oat, Maize, Barley, 
etc.). In many cases the fruit or “ grain ” is invested by the 
persistent bract and bracteole (e.g. the Oat). 

(d) The samara, or winged achene. Here the pericarp has 
developed a membrane or wing which plays an important part 
in the dispersal of the fruit, e.g. the Ash (Fig. 44) and Elm 
(Fig. 199, b). 

I. BOT. 
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( e ) The nut, in which the pericarp is hard and woody, 
forming a shell. The term is usually applied to all large or 
hard-coated achenes. Typical examples are found in the 
Hazel, Oak, Beech, Sweet Chestnut. In these examples the 
nuts are invested by a hard or membranous structure called 
the cupule, derived from the fusion of bracteoles developed 
beneath the flower. Sometimes the cupule encloses one nut, 
sometimes several. The cup or cupule of the acorn, the 
membranous “ husk ” of the hazel-nut, are well known. In 
the Sweet Chestnut two nuts are enclosed in a spiny cupule, 
and in the Beech there are usually two triangular nuts enclosed 
in a cupule which is almost closed and also slightly spiny. 



Fig. 199 . Acttenial Fruits. 

A, Cypsela with pappus ; B, Samara of Elm ; C, Caryopsis of Oat. 
(C. Longitudinal section— biact and bmcteole removed.) 


The student must be careful to distinguish these cupules 
from the capsules presently to be described. He should also 
notice that many structures, popularly called nuts because 
they have a hard shell, are not really nuts. Thus the “ brazil- 
nut ” is a seed (derived from a capsular fruit). The walnut 
is part of a drupaceous fruit (p. 294). 

4. Capsular Fruits. — These are dry , dehiscent , many-seeded 
fruits. The term dehiscent means that the fruits break open 
naturally to allow the seeds to escape. There are different 
kinds of capsular fruits. 

v (a) The follicle is formed from the ovary of a single carpel. 
It splits open along one side only, usually the ventral suture 
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(p. 252). There is no common example of the simple follicle; 
but many aggregate fruits consist of follicles (Fig. 200). 

(6) The legume or pod (Fig. 88, b) is formed from the ovary 
of a monocarpellary pistil. It differs from the follicle in 
dehiscing along both dorsal and ventral 
sutures. It is the characteristic fruit of the 
Leguminosae (Pea, Bean, etc.). 

(c) The siliqua is a characteristic fruit of 
the Cruciferae, e.g. Wallflower and Stock. 

It is developed from the ovary of a bicar- 
pellary pistil, in which there are two parietal 
placentas and a false septum stretching 
between them, so that the ovary is bilo- 
cular. It is a long, cylindrical fruit, and, in 
dehiscing, the two walls of the loculi break Fig. 200. 
away from the two placentas and false septum, Collection 
and hang freely suspended from the apex of jv^licles of 
the fruit (Fig. 201, b). Thus the two placentas Monkshood. 

are left behind, forming a two-ribbed frame- 
work called the replum, across which the false septum stretches. 
The seeds are, of course, exposed on this structure. 




Fig. 201. Fruit and Embryo of Cruciferae. 

f|A, Silicula ; B, Siliqua ; O, One form of embryo, entire and in section. 
A and B show the dehiscence. 


(d) The silicula (Fig. 201, a) is simply a short, flat form of 
siliqua (« e.g . Shepherd’s Purse, Honesty, and other Crucifers). 
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* (e) The capsule includes all other forms of capsular fruits. 
Capsules are formed from polyearpellary, syncarpous pistils. 

and may be unilocular or multi! ocular. 
Occasionally they are not dry, but 
more or less fleshy, e.g . in Horse 
Chestnut, Balsam, and Wood Sorrel. 

Various modes of dehiscence are 
met with. In porous dehiscence the 
seeds escape through little holes or 
pores in the wall of the capsule, either 
at the apex (e.g. Poppy, Fig. 202) or 
at the base (e.g. Campanula). The 
capsule of the Stitchwort and other 
Caryophyllaceae splits about half- 
way down into twice as many teeth 
as there are carpels (dehiscence by 
teeth). In the Pimpernel and Plantain there is transverse 
dehiscence, leading to the separation of a lid from the top of the 
capsule. Such a capsule is called a pyxidium. Usually, how- 
ever, capsules open longitudinally, either along the midribs of 
the carpels (dorsal sutures) as in Willow-herb and Bluebell, or 
(more rarely) along the partitions between the chambers of 
the ovary, as in Foxglove and St. John’s Wort. 



Fig. 202. Capsule of 
PorPY. 

(For uus dehiscence.) 


loculicidal septicidal / SEPTIFRAGAL ; 



Fig. 203. Dehiscence of Multilocular Capsules. 

(Diagrammatic tranBverne uectionH.) 


In mvllilocular capsules, with axile placentation, the dehiscence is 
loculicidal (Fig. 203) if the slits run down the middle of the carpels ( i.e . 
open into the loculi), the septa and placentas breaking away in the middle 
(Iris); septicidal, if the slits run down the middle of the sepro, the 
placentas separating in the middle (Rhododendron); septifragal, if the 
slits appear as in loculicidal or septicidal dehiscence but the septa break 
and the placentas and seeds are left in the middle ( Datura , the Thorn- 
apple). 
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5. Schizocarpic Fruits (Schizocarps). --These are dry, many- 
seeded fruits, which, as they ripen, split up into a number of 
one-seeded and usually indehiscent parts resembling achenes 
and called mericarps. The best known forms are — 

(a) The Lomentum. — This is found in some Leguminosae 
(e.g. Hedyscirum , the French Honeysuckle, Fig. 204, a) and 
some Crucifers (e.g. the 
Badish), in which the fruit 
(pod or siliqua) splits trans- 
versely into one-seeded pieces. 

More strictly the fruit is 
described as a lomentaceous 
pod or siliqua, as the case 
may be. 

(b) The Cremocarp (Fig. 

205, a, b). — This is the charac- 
teristic fruit of the Umbelli- 
ferae. It is developed from 
a bicarpellary pistil with a 
bilocular, inferior ovary in 
each loculus of which there 
is a single suspended ovule 
(Fig. 172). As it ripens the 
cremocarp splits longitudin- 
ally (between the two loculi) 
into two mericarps, which 
remain for some time attached 
to a prolongation of the axis 
called the carpophore. Each 
mericarp contains a seed. 

These mericarps are popularly called seeds, e.g. the caraway 
“ seed ” (Fig. 205, c). 

(c) The Careerulus (Fig. 204, c). — This is the character- 
istic fruit of the families Labiatae and Boraginaceae. In 
the^g families the fruit is formed from a bicarpellary pistil 
with a superior ovary which becomes quadrilocular owing 
to the formation of two false septa. As the fruit ripens 
the four mericarps separate from each other towards the 
middle. In the careerulus of the Mallow the superior ovary 
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Fig. 204. Schizocarpic Fruits. 

A, Loinentum ; B, Double samara of 
Maple ; C, Careerulus ; 1), Iiegiua of 
Geranium. 
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of the polycarpellary pistil splits into a large number of 
mericarps. 

(d) The Regma (Fig. 204, d). — This is a schizocarp which 
breaks up into one-seeded dehiscent parts, which are not called 

mericarps, but cocci , e.g. 
Geranium and Castor-oil. 
In the Geranium the pistil 
is formed of five carpels 
fused round a long carpo- 
phore. The five styles of 
the carpels are also adher- 
ent to the carpophore. 
When ripe the cocci break 
away and remain sus- 
pended by their styles from 
the apex of the carpophore. 

(e) The Double Samara. 
— This is the fruit of the 
Sycamore and Maple (Figs. 
43 and 204, b). Sometimes 
it consists of three or four 
samaras instead of two. 

6. Drupes (“ Stone ” 
Fruits). — A simple drupe, 
e.g. Cherry, Plum, Apricot, 
etc., is formed from a 
monocarpellary pistil with 
a superior ovary. The peri- 
carp shows three regions: (a) the epicarp or outer skin, (b) the 
mesocarp or middle fleshy region, and (c) the endocarp, the 
hard inner part, forming the “ stone,’ * which encloses and 
protects the seed. Usually there is only one seed. 

The drupe of the Almond has a velvety skin and ratiier 
tough mesocarp, which splits along one side; the shell (^do- 
carp) has sometimes two seeds inside it. 

Drupes may, however, be syncarpous, in which case each 
chamber of the ovary may form a distinct stone. The so-called 
“ berries ” of Holly, Dogwood, and Elder are really compound 



Fig. 205. Fruit and Seed of 
Umbelliferae. 

A, B, The Creirioearp ; 0, Longitudinal and 
trans-verse sections of a meriearp of the 
Caraway. 
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drupes of this kind. The walnut and coco-“ nut ” also are 
drupes formed from syncarpous pistils. 

The thin mesocarp of the walnut peels off during ripening, 
and allows the u stone,” enclosing a single seed, to escape. 
The cartilaginous partitions passing in between the cotyledons 
(which are covered by the testa) are ingrowths from the 
endocarp. 

In the coco-nut the mesocarp (removed before exportation) 
is fibrous. Hence the fruit has been called a “ fibrous drupe.” 
The shell is the endocarp; the edible substance is the endo- 
sperm ; and the brown layer covering it the testa. A minute 
monocotyledonous embryo is embedded in the endosperm at 
one end (below one of the three pits at the broader end of the 
“ nut ”). There is a space in the middle of the endosporm 
filled with sap (so-called “ milk ”), owing to the fact that the 
endosperm could not fill the whole of the large embryo-sac. 

7. Baccate Fruits, or Berries. — These are succulent fruits 
in which the succulent mass is more or less pulpy, and the 
seeds, which are usually hard, are embedded in the pulp. 
The berry differs from the drupe essentially in the fact 
that there is no stony endocarp, although epicarp, meso- 
carp, and endocarp may be differentiated. Baccate fruits 
may be derived from inferior ovaries (e.g. Currant, Goose- 
berry, Pomegranate, Melon, Cucumber), or from superior (e.g. 
Grape, Orange). 

The orange is a multilocular superior berry with axile 
placenta tion ; the outer glandular skin is the epicarp, the 
underlying white substance the mesocarp, and the inner 
membrane lining the loculi the endocarp. The juice is 
secreted by a large number of multicellular hairs developed 
from the walls of the loculi. 

In the Gooseberry and Pomegranate the pulp, or edible 
portion of the berry, is derived largely (Gooseberry) or entirely 
(Pomegranate) from the outer coats of the seeds. 

The date is recognised as a berry and not a drupe by the fact 
that the “ stone ” is not endocarp but seed (Fig. 46). The 
outer skin of the date is the epicarp; the sticky mass under- 
neath, the mesocarp. Surrounding the stone is a thin 
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membranous endocarp. The banana is a berry from which, 
through over-cultivation, the seeds have disappeared. 

8. The Pome. — This is the fruit found in the Apple, Pear, 
and some other Rosaceae. We may take the Apple as an 
example. In the flower of the Apple there are five imperfectly 
fused carpels enclosed in a hollow cup-like thalamus (calyx- 
tube). This is an extreme form of perigyny. As development 
proceeds, however, the carpels become adherent to the calyx- 
tube so as to produce a practically epigynous condition. The 
whole fused mass forms the pome. The outer skin and the 
fleshy part of the apple arc formed from the thalamus. The 
cartilaginous central part (core) is derived mainly from the 
carpels and is therefore the pericarp containing the seeds. 
The terms epicarp, mesocarp, and endocarp should not be 
used for these three regions of the fruit. 

In the Hawthorn there may be one or several carpels, and 
they become stony. When there is only one the pome of the 
Hawthorn closely resembles a drupe. Examination, however, 
would show the remains of the sepals, etc., at the apex of the 
fruit. These, of course, are not found in the drupe. 

Pomes are also found in Quince, Medlar, Cotoneaster, and 
Rowan. 

9. Aggregate Fruits. — The aggregates of simple fruitlets 
are called “ etaerios.” There may be etaerios of achenes, 
follicles, or drupes. 

(a) A typical etaerio of achenes is found in the Buttercup 
(Fig. 154). There the achenes are all grouped together on a 
slender prolongation of the thalamus. In the Hedge Clematis 
(Traveller’s Joy) the etaerio of achenes presents a feathery 
appearance because the styles are persistent and become 
hairy. The fruit of the Strawberry is an etaerio of achenes 
scattered over the surface of an enlarged fleshy thalamus. 
The achenes here are popularly called seeds. The hip of the 
Wild Rose consists of an etaerio of achenes enclosed in a 
persistent hollow thalamus or calyx- tube (see Fig. 156, e). 
An interesting comparison can be made between this fruit 
and the pome. 
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(b) Etaerios of follicles (Fig. 200) are found in some Ranun- 
culaceae (e.g. Monkshood, Larkspur, Christmas Rose) and a 
few Rosaceae. They will present no difficulty. 

( c ) Etaerios of drupes. — Examples are found in the Black- 
berry (Bramble) and Raspberry. The little drupes, derived 
from the separate carpels, are inserted on a fleshy, conical 
thalamus. 




AND 

8 FLOWERS 

Tig. 206. Composite Fruits. 

A, Syconus of Fig. (cut vertically); B, Sorosis of 
Mulberry. 


10. Composite Fruits. — These are not numerous; the best 
examples are the fruits of the Fig, Pineapple , Mulberry , and 
Hop. 

(а) The Fig.— Here .. BRACTS 

the inflorescence is a 
peculiar hollow, pear- 
shaped form of capitu- 
lum, the flowers being 
developed inside (Fig. 

206, a). The female 
flowers produce little 
fruits (achenes), popu- 
larly regarded as seeds. 

The composite fruit 
formed from this inflorescence is called a syconus. 

(б) Pineapple and Mulberry. — Here the composite fruit is 
called a sorosis. It is formed from a spike. In the Pineapple 
the fleshy axis and the flowers all fuse together. The areas on 
the surface of the fruit represent the flowers. Seeds are 
rarely formed. Above the flowers the axis produces a number 
of leaves forming the “ crown.” In the Mulberry (Fig. 206, b) 
the perianths in the female spike become fleshy, and enclose 
the true fruits. The whole composite fruit resembles closely 
the fruit of the Blackberry. They must be carefully distin- 
guished. The fruit of the Blackberry is an etaerio of drupes 
developed from the apocarpous pistil of a single flower. 

(c) The Hop. — Here the composite fruit is formed from an 
inflorescence consisting of an axis bearing a number of mem- 
branous scales. On the upper surface of each scale, at its 
base, are two female flowers. The fruit is called a strobilus. 
The true fruits are achenes. 
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11. There are some fruits which it is difficult to classify. For example, 
the Ivy “ berry ” is a fleshy fruit containing several seeds; these arc 
not enclosed in a stony endocarp, but there is a firm investment round 
each. The fruit, to some extent, resembles a drupe, and may be called 
a drupaceous berry. 

12. Dispersal of Seeds and Fruits. — It is manifestly of 
advantage to the species that the seeds should be carried some 
distance from the parent plant. It gives the young seedlings 
a better chance in the struggle for existence, for they are saved, 
to a large extent, from the competition with each other in the 
matter of food, light, etc., which would naturally arise if 
they were crowded together round the parent. Arrangements 
for dispersal have an immense importance, also, in connection 
with the study of the distribution of plants over the earth’s 
surface. 

The means of dispersal adopted by different plants vary 
widely, and are frequently such as to secure the almost 
ubiquitous distribution of some plants. The four commonest 
agencies by which dispersal is secured are: (1) wind, (2) 
water, (3) animals, (4) explosive or ejection mechanisms in 
the fruit itself. 

13. Dispersal by wind is facilitated by many different 
arrangements and contrivances which are to be regarded as 
adaptations for this mode of dispersal. It should be noticed 
that it is only in the case of dehiscent fruits that adaptive 
mechanisms are borne by the seed; closed fruits and the 
segments (mericarps) of splitting fruits are themselves distri- 
buted, and possess contrivances for dispersal. 

(a) The seeds of some plants (e.g. Orchids) are so small 
and light that when they are set free from the fruits they are 
freely blown about by the wind. 

(b) “ Censer mechanisms .” — When the seeds are larger and 
heavier the fruit frequently opens in such a way that the seeds 
can only escape a few at a time, and are jerked out when 
the plant sways in a high wind. This censer mechanism is 
seen in follicles {e.g. Monkshood), in many capsules which 
dehisce by pores (Poppy and Campanula), or by teeth (Cam- 
pions, Stitchworts, Primrose), and in some capsules with 
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longitudinal dehiscence (Lily and Iris); it is also seen in the 
fruiting heads of some Composites where the achenes have 
no pappus, e.g. Sunflower. 

(c) As an aid to wind-dispersal, seeds are frequently 
flattened (e.g. Wallflower), as also are the fruit-segments of 
some Umbelliferae, and the achenes of Buttercups and some 
Compositae. 

(d) “ Parachute mechanisms .” — Special structures of the 
nature of wing-like or hairy outgrowths are frequently present 
which enable the seeds or fruits to be more readily carried by 
the wind. The plumed seeds of the Willow, Poplar, Willow- 
herb, and Bog Asphodel have hairy outgrowths of the nature 
of arils. Winged seeds are found in Yellow Rattle, Deutzia, 
and Bignonia. Good examples of winged fruits are seen in 
the samaras of Ash, Elm, and Birch, and the “keys” of 
Maple and Sycamore. In the Lime, the stalk bearing the 
cluster of nuts hangs down, and the large bract attached to it 
acts as a kite or aeroplane. In Docks the fruit is covered by the 
calyx which bears three wings. In the Teasel there is a funnel- 
shaped wing formed from persistent bracts. As examples of 
plumed fruits we have the achenes with persistent hairy styles 
of Clematis and Pasque-flower, and the pappus-crowned 
cypselas of many Composites. It is interesting to notice in 
what various ways these structures, which are adaptations to 
wind-dispersal, are developed. 

Dispersal by wind involves a greater loss of seeds than 
dispersal by animals, for the latter usually frequent fertile 
localities where the seeds have a chance of germinating, 
whereas wind-dispersed seeds may fall upon sterile or un- 
suitable localities, or may be carried out to sea. It is for 
this reason that winged and hairy seeds are usually absent 
from the plants of the seashore. Hence also arises the fact 
that wind-dispersed seeds are usually produced in relatively 
greater abundance than those dispersed by animals. 

14. Dispersal by Water is uncommon and occurs chiefly 
in water-plants. In most aquatic plants the fruits are 
developed under water, and are usually achenes, nuts, or 
splitting fruits which do not float. In a few, however, e.g. 
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Alder and Water Lily, the seeds are enabled to float to a 
distance by being provided with a spongy covering (aril) 
containing air. 

15. Dispersal by Animals. — Seeds and fruits may be dis- 
persed by animals, either by adhering to them or by being 
eaten by them. 

In the former case certain structures, of the nature of 
hooked spines, are developed by which the fruits become 
attached to the fur or wool of passing animals. These adhesive 
structures are usually outgrowths of the fruit and not of the 
seed. Examples are found in Goosegrass, Woodruff, En- 
chanter’s Nightshade, some Umbelliferae (e.g. Sanicle, Carrot, 
Chervil). In Avens the persistent styles are hooked. In 
Agrimony the hooks are developed on the receptacle of the 
flower. The flower-heads of Teasel and Burdock have hooked 
bracts so that a passing animal may catch the plant and drag 
it forward, the rebound causing the fruits to be jerked out; 
or, in Burdock, whole burs (fruit-heads) may thus catch on to 
the animals and be carried off. In the Bur-marigold ( Bidens ) 
each achene has a pappus of two or three stiff bristles covered 
with small downward pointing prickles. 

Succulent fruits, e.g. drupes, berries, pomes, etc., are eaten 
by animals. The succulent character is an adaptation to 
this mode of dispersal. The seeds are protected either by 
a resistant testa (berries) or a pericarp (e.g. Strawberry, Wild 
Rose), or by the seed being enclosed in a strong endocarp 
(drupes). In many cases the seed can pass through the 
animal’s body without being injured, and if deposited in 
suitable soil may succeed in germinating. Very often, how- 
ever, the hard part of the fruit is never swallowed, but allowed 
to fall to the ground after the soft part has been pecked; for 
the animals concerned in this mode of dispersal are usually 
birds whose gizzards may crush small seeds and destroy them. 

Here again it is interesting to notice from what various 
partB the succulent mass may be developed — e.g. ovary- wall 
in drupes, thalamus in pomes, Strawberry, and Wild Rose, 
perianth in Mulberry, the aril in some seeds (e.g. in the Spindle- 
tree). 
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16. Explosive Fruits. — Some fruits show active movements 
by which the seeds are scattered or flung out suddenly. 
These movements often depend upon extreme turgidity in 
some part of the fruit, e.g . in Squirting Cucumber and Bal- 
sams, or of the seed itself. In some Balsams the fleshy 
capsules have swollen and stretched walls, so that a slight 
disturbance causes the capsule to burst and the seeds are 
thrown a few feet away. 

In some dry fruits the ejecting mechanism depends upon 
tensions set up by the drying of the fruit- wall. In the Pansy 
and Violet the capsule splits longitudinally into three concave 
valves, which by their contraction flick out the smooth, 
slippery seeds to a considerable distance. In the Geranium 
the styles, by which the carpels remain attached to the 
carpophore (Fig. 204, d), suddenly curl upwards and out- 
wards so as to throw out the seeds. The ripe pods of Gorse, 
Broom, Lupin, etc., suddenly burst open, the two valves 
becoming twisted and the seeds scattered. 

The seeds of Wood Sorrel have a fleshy aril, which is very 
elastic. When the capsule opens the aril suddenly turns 
inside out and jerks the seed away. 

17. Occasional Dispersal.— Seeds and fruits may chance to 
be dispersed in other ways. Many, which are adapted to 
other modes of dispersal, float when they happen to fall into 
water, and may be carried a considerable distance in this 
way. Many also are carried on floating timber and in the mud 
adhering to the feet of water birds. Various seeds and nuts 
carried away for food by squirrels or other animals may not 
be used. Here also we must include the dispersal of seeds 
and fruits by the agency of man. These occasional means of 
dispersal must be distinguished from the regular modes to 
which plants have adapted themselves . 



CHAPTER XIII. 


CLASSIFICATION OF ANGIOSPERMS: FAMILIES. 

1. The Object of Classification. — The object is to arrange 
plants in a natural scheme, expressing as nearly as possible 
the relationships which exist between them owing to descent 
or evolution from common ancestors. There are many 
difficulties in the way of this, and a really natural scheme can 
never be more than an ideal to be aimed at. Any scheme 
adopted is only an expression of our views concerning these 
“ blood-relationships,” although, as our knowledge grows by 
further research, the scheme will become more and more a 
true reflection of the affinities of plants. 

2. Variety, Species, Genus, etc. — A group or assemblage of 
plants which resemble each other so closely that we could 
easily imagine them to be derived from the same parents 
constitutes a species. The individuals of a species resemble 
each other in just those characters which are constantly 
handed down from parent to offspring. Thus all Raspberry 
plants are included in the species Rubus idaeus. 

There is always, however, a certain amount of variation 
among the offspring of plants. They present minute individual 
differences. In most cases, within the limits of a species, the 
variation exhibited is continuous or fluctuating , i.e. the varying 
forms are connected by a continuous series of intermediate 
forms. Sometimes, however, it is discontinuous, i.e. we find 
on examining a large number of individuals in a species that 
they group themselves in two or more sets, races, or varieties, 
which are hardly connected, if at all, by intermediate forms. 
There are, for example, two varieties of the common Meadow 
Buttercup ( Ranunculus acris ): in one the stem is densely 
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hairy at the base, and the segments of the radical leaves 
overlap each other; in the other variety the stem is only 
slightly hairy, and the leaf-segments do not overlap. 

Varieties differ from each other in small and variable 
characters, chiefly affecting the vegetative organs, but some- 
times in floral or seed characters of slight importance, e.g. 
shape and colour of petals. Species differ from each other in 
more important and more constant characters of the vegetative 
or floral organs. 

Species which resemble each other more or less closely, 
while each possesses the constant characters which mark it 
off as a species, are grouped together to form a genus. The 
Banyan and Pipul are such species; together with others 
they form the genus Ficus. We name a plant by giving its 
generic and specific names: Ficus benghalensis is the Banyan, 
Ficus rcligiosa the Pipul. The differences between genera arc 
more pronounced, important, and constant than those between 
species. 

Similarly, according to wider or more general resemblances, 
related genera are grouped together into Families, Families 
into Orders, Orders into Series , and so on to Sub-Classes , 
Classes , Divisions , and finally Groups or Sub-Kingdoms. 
Many of these terms, however, are used arbitrarily. Even 
the application of the terms Species and Genus is not definitely 
fixed. 

There are many species which, though variable, have no distinct 
varieties — that is, they show continuous but not discontinuous varia- 
tion. A species may have many or few varieties, a genus many or few 
species, and an order many or few genera. In fact, some genera have 
only one species, i.e. a species may be so distinct from other plants that 
it is raised to the rank of a genus. Similarly, a single genus may be 
regarded as forming an order by itself. 

3. Characters used in Classification. — The general rule is 
that the less any part of the plant is concerned with special habits 
the more important is it for classification. For instance, the 
vegetative organs (roots, stems, leaves) are of little value in 
characterising the larger groups, because they are on the 
whole more liable to variation and modification than are the 
flowers and fruits, though some vegetative characters (e.g. the 
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alternate or opposite arrangement, and tlie veining of the 
leaves) are less liable to modification than others, and can be 
used in classification. 

Of tb£ floral characters the most generally useful is cohesion 
(e.g. the polypetalous or gamopetalous condition of the 
corolla, the apocarpous or syncarpous condition of the pistil); 
but other characters, such as adhesion, form of receptacle 
(hypogynous, perigynous, and epigynous conditions), sym- 
metry, number of parts in a whorl, placentation, etc., arc also 
used, as are also the characters of the fruit and seed, e.g. 
number of cotyledons, form of embryo, presence or absence 
of endosperm. 

4. Classification of Angiosperms. — The two main divisions 
of the Phanerogams or Flowering Plants are the Angiosperms 
and the Gymnosperms (see p. 4). The Angiosperms are 
divided into the two classes Dicotyledons and Monocotyledons, 
the distinguishing characters of which have been fully dealt 
with. 

There are two sub-classes of Dicotyledons: (1) the Archi- 
chlamydeae, or Lower Dicotyledons, in which the petals are 
either free or wanting; (2) the Sympetalae, or Higher Dicoty- 
ledons, in which the corolla is gamopetalous. In both sub- 
classes the Families are arranged in a scries of Orders, begin- 
ning with the most primitive and ending with the most highly 
specialised. The monocotyledonous orders arc arranged 
similarly. 

This arrangement is based on the classification of Engler 
and Prantl. In Bentham and Hooker’s classification, which 
is followed in British Floras, the Dicotyledons are divided into 
Polypetalae, Gamopetalae, and Apetalae. Many of the plants 
included in the Apetalae, however, are not primitively apeta- 
lous (monochlamydeous or achlamydeous), but are reduced 
forms showing in other respects distinct affinities to poly- 
petalous orders. The inclusion of apetalous and polypetalous 
forms in a single sub-class is undoubtedly a more natural 
arrangement. 

In beginning the study of classification the student should 
not trouble himself with any particular general scheme, but 
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should simply aim at making himself acquainted with a 
number of the commoner Families. This is best done by a 
careful study and comparison of well-known plants represen- 
tative of each family. 


I. DICOTYLEDONS. Embryo with two cotyledons; 
stem with open bundles, usually in one ring; leaf net-veined; 
flowers with parts in twos, fours, or fives, rarely in threes. 


A. Archichlamydeae. Perianth either absent, or in one 
whorl, or, if in tw T o whorls, the parts of the inner whorl (petals) 
free; sometimes one whorl is missing owing to suppression, 
and occasionally the corolla is gamopetalous. 


Fagales [Order] (]). 306). 
Urticaeeae (p. 312). 
Moraceae (p. 314). 
Loranthaceae (p. 315). 
Polygonaceae (p. 316). 
Chenopodiaceae (p. 319). 
Portulacaocae (p. 320). 
Paryophyllaccae (p. 323). 
ftanuneiilaeeae (p. 324). 
Anonaccae (p. 327). 
Lauraeeao (p. 328). 
Cruciferae (p. 329)A 
Rosaceae (p. 330). 


'Leguminosao (p. 332). 
liutaceae (p. 338). 
Euphorbiaeeae (p. 339). 
Anacardiaceae (p. 342). 
Sapindaceae (p. 343). 
Balsaminaceae (p. 344). 
Malvaceae (p. 345). 
Dilleniaceae (p. 347). 
Dipterocarpaceae (p. 348). 
Caricaccae (p. 349). 
Cactaceae (p. 349). 
Myrtaeeae (p. 350). 
UrabelUferae (p. 351). 


B. Sympetalae. Perianth 
few exceptions, gamopetalous; 
petals, or as many, or reduced i 
Ericaceae and Campanulaceae. 

Ericaceae (p, 353). 
Myrsinaceae (p. 354). 
Apocynaceae (p. 354). 
Convolvulaceae (p. 355). 
Labiatae (p. 356). 

Solanaceae (p. 358). 

I. BOT. 


in two whorls; corolla, with 
stamens twice as many as the 
o 4 or 2, epipetalous except in 

Scrophulariaceae (p. 360). 
Acanthaceae (p. 362). 

Rubiaceae (p. 364). 

Cueurbitaceae (p. 366). 
Compositae (p. 367). 


20 
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II. MONOCOTYLEDONS. Embryo with <me cotyledon; 
stem with closed bundles, “ scattered ” jpr cross-section; 
leaves generally parallel-veined; flowers ^i€h parts in threes. 


Oramineae (p. 372). 
Palmae (p. 37^). 

Araceae (p. 380). 
Commelinac^ae (p. 3^). 
Liliacee*© (p. 382). 


AmarjrfTidaceae (p. 384). 
In/pi^fceao (p. 386). 
SimiHaceae (p. 387). 
Orchidaceao (p. 388). 


ARCHICHLAMYDEAE. 

5. Order Fagal^s (Cupuliferae of Bentham and Hooker). 

Distinguishing Characters. — Flowers mono - or a-chlamy- 
deous, unisexual , monoecious , borne in catkins . Pistil hi- or 
tri-carpellary. Fruit dry, indehiscent and one-seeded , a nut or 
nutlet , frequently invested by a cupule formed by enlarged 
persistent bracteoles ; seed exalbuminous . 

This is a group of great interest widely distributed in 
temperate regions, and nearly all of the genera occur in the 
Himalaya. It consists of trees and shrubs with simple 
alternate, stipulate leaves. Two families are now generally 
recognised under the order — the Betulaceae and the Fag- 
aceae. The Himalayan trees belonging to the Betulaceae 
are the Birch (Betula bhojpatra ), on the bark of which 
many of the ancient Sanskrit manuscripts were written, the 
Alder (Alnus), the Hazel (Corylus), and the Hornbeam 
(Carpinus); and to the Fagaceae the Oak ( Quercus ), and 
the Sweet Chestnut ( Castanea , often separated as a genus 
Castanopsis). 

The inflorescences are called catkins (p. 263). The female 
catkins are not pendulous. The typical catkin consists of an 
elongated pendulous axis bearing numerous spirally arranged 
scales (bracts) in the axil of each of which are three flowers 
representing a sessile or reduced dichasium. The terminal 
(middle) flower has two lateral bracteoles, and in the axils of 
these (as bracts) arise the two lateral flowers, which also may 
have bracteoles. Thus there are typically three flowers and 
six bracteoles in the axil of each bract (Fig. 209). From this 
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it is at once evident that the catkins characteristic of the order 
are not really simple pendulous spikes (see p. 263). 

The typical form, however, is departed from, more or less, 
in the various genera. There may be more than three flowers. 
Sometimes only the middle flower or only the two lateral 
flowers are present, and 

some or even all of the bract- INNER BRACTEOLES 


eoles may be absent. The 
whole inflorescence is, in 
some cases, reduced to a 
cluster of flowers. The 
various modifications de- 
scribed below should be 



carefully studied. The *» 

female catlci^ persist till LATERAL. BRACTEOLES 

the fruits are ripe, or even on „ ^ ^ 

, . n Fig. 207. Typical Floral Diagram 

longei as m the Alder. of Cupitliferae. 

The flowers are unisexual, Showing arrangement of bracteoles and 

monoecious, and borne (with Sowers 1 ~ mlddle flower ; 2 ’ 2 ~ lateial 
rare exceptions — e.g. some- 
times in Chestnut) in different catkins. They are anemophi- 
lous and, in correlation with this, they frequently come out 
before the leaves (Hazel and Alder, or just when the leaves 
are unfolding (Birch and Oak). A perianth is sometimes 
present, and occasionally well developed; when present it is 


epigynous. 

The stamens are two, four, or more; sometimes they are 
split or forked (Figs. 210 c, 212). The gynaeceum is bicar- 
pellary (Betulaccae), or tricarpellary (Fagaceae), syncarpous; 
the ovary , at the time of fertilisation, bi- or tri-locular, inferior; 
ovules , one (Betulaceae) or two (Fagaceae) in each loculus, 
anatropous and usually pendulous. 

The fruit is dry, indehiscent, one-seeded — a nut or nutlet. 
In the Birch it has a membranous wing and is a samara 
(Fig. 210, b). The fruits may be liberated from the coherent 
bract and bracteoles (Alder and Birch), or these may enclose 
one or more fruits as a cupule (membranous in Hazel and 
Hornbeam, woody in Oak). The seed is exalbuminous 
(Fig. 215). 
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The following notes indicate the special characters of the 
various genera : — 

Birch (Figs. 208-210). — The male catkins appear in autumn at the 
ends of the shoots and are pendulous; the female catkins are borne on 
short lateral branches which are developed in spring and are erect. 
Flowering takes place in April or May. In both catkins each bract 

has three flowers. Only the two 
lateral bracteoles are present. 
Each male flower has a small 
perianth usually two-lobed, and 
two stamens the filaments of 
which are so deeply split that 
there appear to be four stamens. 
The female flower has no peri- 
anth. The pist il is bicarpellary 
and has two styles. The fruits 
are samaras. Bract and bract- 
eoles become fused owing to 
continued basal growth. The 
three-lobed scale which they 
form falls off at fruiting, but 
does not invest the fruits. 

Alder. — The male catkins are 
elongated; the female small and 
somewhat ovoid. Both appear 
in autumn, and are more or 
less erect. Flowering takes 
place in March or April. Each 
bract of the male catkin has 
three flow r ers, but in the female 
Fig. 208. Birch. only the lateral flowers are 

Twig showing male and female catkins. developed. There are four bract- 

eoles — the two lateral bracteoles 
and one to each lateral flower on the side next the bract. The $ flower 
has a four-lobed perianth and four stamens opposite the lobes. The 5 
flower resembles that of the Birch. The female catkins including the 
hard five-lobed scales formed from the bracts, and bracteoles remain 
on the tree after the fruits are set free. The fruits are not winged 
(nutlets). 

Hazel (Figs. 211-216). — The catkins appear in autumn. The pen- 
dulous male catkins are borne 1-3 together on a short axillary shoot. 
The female are solitary, axillary, and are not distinguishable from foliage 
buds till February or March when flowering takes place and the crimson 
styles protrude at the top. In the male only the median flower and the 
lateral bracteoles are developed in each scale. The flower has four 
deeply split stamens and there is no perianth. In the female catkin the 




BIRCH, HAZEL, HORNBEAM, OAK. 


m 


lower scales are sterile; in the upper fertile scales all the bracteoles, but 
only the lateral flowers, are present. Each female flower has a minute, 
toothed, greenish perianth on the top of the ovary; there are two 
styles. The two bracteoles of each flower with one of the lateral bract- 
eoles fuse, owing to continued basal growth, to form an involucre which 
develops into the membranous cupule (husk — Fig. 214). 



Fig. 209. Bircii. 

Diagrams showing arrangement of biacteoles and flowers in male and female catkins. 


Hornbeam. — The flowers are similar to those of the Hazel, but in the 
male catkins there are no bracteoles and the male flower has 4-10 split 
stamens. The cupule is large and trilobed (Fig. 216). 

Oak (Fig. 217). — The catkins appear 
in the spring, the male in the axils 
of bud scales, the female in the axils of 
foliage leaves. Flowering occurs in 
April or May. The male catkin here 
is simply a long slender and pendulous 
spike, the flowers being borne singly 
in the axils of the bracts. They 
represent the median flowers and there 
are no bracteoles. Each (Fig. 217, c) 
consists of a perianth of a varying 
number of bract-like segments (4-7) 
and as many or more stamens (fre- 
quently 10). A rudimentary ovary 
may be present. 

The female catkin contains only 2 or 3 flowers which may be in a 
cluster ( Quercus Robur, var. sessilijlora) or may be separated by the 
elongation of the peduncle (Q. Robur, var. pedunculaia). They are 
borne in the axils of bracts and represent the median flowers (in some 
allied species all three flowers are present). Each has an epigynous 3-8 
toothed perianth and is surrounded by a number of imbricate scales 
forming an involucre which afterwards develops into the acorn cup 
(cupule). The involucre is regarded as representing the four bracteoles 
of the lateral flowers. The ovary is trilocular, and each loculus has two 



A, Female flowers in axil of bract; 
B, Fruiting Beale, with three 
samaras ; C, Stamen from male 
flower. 
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pendulous anatropous ovules, but only one loculus and one ovule 
develop. The fruit (acorn) is a nut seated in a cup-shaped cupulo. 
Quercus Ilex is the Holly Oak; Q. fiubcr, the Cork Oak. 

Chestnut. — The catkins are 
axillary, and bract and bract- 
eoles are all present. There 
are usually seven male flowers 
in the axil of the bract owing 
to the braeteoles of the lateral 
flowers also having flowers. 
The female bracts bear three 
flowers and the eupule is 
formed by the four braeteoles 
of the lateral flowers. The 
mature eupule is spiny. It 
contains three nuts and sepa- 
rates into four valves. Fre- 
quently catkins are found 
bearing stamina te flowers 
above and pistillate flowers 
below. 



Fig. 211. Male and Female In- 
florescences of the Hazel. 


STAMENS 


The Cupuliferae, Sali- 
caceac, and other families 
( e.g . Juglandaceae, the 
Walnut family) are some- 
times combined under the order Amentales (= Amentaceae 
or Amentiferae), the group 
of catkin-bearing plants. 

The early appearance 
of the Cupuliferae in time, 
as shown by fossils, indi- 
cates that they are an 
archaic group of plants. 

They diverged from the 
main Angiosperm stem at 
an early period, and our 
modern types have sur- 
vived because, having the 
habit of trees, they to a 
large extent escaped competition with more progressive types.* 

* Progressive and up-to-date orders, e.g . Compositae, are largely or 
entirely represented by herbaceous forms. 



BRACTS 
Fig. 212. Hazel. 

A, Male Flower ; B, Diagram of same. 
(Prophylla — bracteolea. ) 
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Some believe that the floral characters — the unisexual 
flowers, the absence or rudimentary character of the perianth, 



BRACT ' 


Fig. 213. Female Flowers of Hazel. 


A, Diagram showing bract, bracteoles (involucre) and flowers ; 13 Bract and floweis 



Fig. 215. Longitudinal Fig. 216. Fruit of 

Section of Hazel Nut. Hornbeam. 


etc. — are primitive, and consider that the chalazogamic 
fertilisation, which is characteristic of the Betulaceae, gives 
further evidence of this. We have seen, however, that there 
is reason to believe that the early Angiospermous flowers were 
hermaphrodite (p. 466). Hence it is probable that the simple 
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floral characters of the Cupuliferae are not primitive, but clue 
to reduction. In this connection the occurrence of rudimen- 
tary pistils in the male flowers of the Fagaceae is interesting. 



Fig. 217. Quercus robur , var. peduncitlata. 

A, Male ; B, Female inflorescences ; 0, Male flower ; D, Female 
flower in section. 


Most, if not all of the Cupuliferae, have mycorhizae, which 
are ectotrophic (ectophytic), i.e. the mycelial threads do not 
penetrate the cells of the root. 

Note. — The name Cupuliferae is now often restricted to the 
Fagaceae (i.e. Cupuliferae = Fagaceae). 

6. Urticaceae. 

Distinguishing Characters. — Mosthj herbs or undershrubs , 
without latex , and with flowers in cymes usually much condensed , 
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unisexual , regular. P 4 or h, free or united , sepaloid ; stamens 
the same , doww inwards in bud , opposite the perianth leaves ; 

ovary superior , unilocular with one ovule; fruit an achene. 

This family, as defined by Engle r, consists largely of herbs 
or undershrubs, but in the older classification that was chiefly 
used in England till a few years ago, it also included many 
trees, most of which are now separated in the order Moraceac, 
described below. There is no latex in the Urticaeeae, and their 
leaves are alternate or opposite, and stipulate. Many have 
stinging hairs— stiff hairs, turgid with an acid sap, and with a 
peculiar glassy point to the cell, which is easily broken off, 
allowing the poison to escape (see p. 62). Some of the Lap- 
orteas, known to English people as fever- or devil-nettles, and 
Girardinia heterophylla , the Nilgiri Nettle (Bichhu Butf) sting 
very severely. 

The inflorescences are 
usually axillary cymes 
which may be panicled 
in appearance or more 
or less clustered (glome- 
rules). The flowers 
(Figs. 218-220) are 
regular, monochlamy- 
deous, unisexual or, 
occasionally, herma- 
phrodite. 

Perianth of four or five leaves, poly- or gamo-phyllous, green, 
inferior, persistent. Stamens equal to the perianth segments 
and opposite to them. The stamens are at first folded inwards 
and downwards in the flower, but when ripe, or when moved, 
they spring up violently and give out a little cloud of pollen 
(an adaptation for pollen protection and wind pollination). 
Pistil monocarpellary; ovary superior, unilocular, with one 
basal, orthotropous ovule. Stigmas tufted and often sessile. 
The male flowers have a rudimentary pistil. The fruit is an 
achene enclosed in the persistent perianth. Seed albuminous. 
The flowers are anemophilous. 

The various kinds of “ Artillery Plant ” are species of 
Pilea, and are so called because of their explosive stamens. 


STIGMA 


RUD: OVARY 




Fig. 218 . 

Urticaceae: Male and Female 
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The chief plants of this order in India are the numerous 
herbs of the genera Urtica , Pilea , Elalostcma, Laportea (Fever- 
nettle), Girardinia (Nilgiri Nettle), and others that grow in 



Fig. 220. Floral Diagram of 
Urticaceae. 

A, Male; B, Female flow cm's. 


Celtis . — The tree is evergreen, with 
G(2); fruit a drupe. 


the hills. Species of Boeh- 
meria and Debregeasia yield 
a very tough and strong 
fibre from the bark, and 
B. nivea is sometimes culti- 
vated for this (rhea, ramie, 
or China grass-cloth). 

Thefamily Ulmaceae, of which 
ZJlmus and Celtis are examples, 
is closely allied to the tJrti- 
caeeae, and represented in India 
by a few trees. 

polygamous flowers; P5, A4-5, 


7. Moraceae. 

Distinguishing Characters. — Trees and shrubs , with 
stipulate leaves and latex , and cymose inflorescence of unisexual 
flowers ; Pi or (4), persistent , ^44, opposite them , G( 2), one 
carpel usually aborted except the style, ovary unilocular , with one 
ovule; fruit usually a multiple of achenes 

or drupes. PERIANTH 

This is a large family, well represented 
in India, composed of trees and shrubs ty, 
with latex and with stipulate leaves, with Yvl 
cymose inflorescences, and unisexual M 

flowers. Perianth 4 or (4); stamens as * 

many and opposite to them; ovary of 
two carpels, one of which, all but the . n 

styie, is generally abortive, unilocular, ceum of flower, 
with one usually pendulous ovule, which 
gives an achene or drupe. Usually, however, the fruit is mul- 
tiple, arising from the union of many different fruits, as already 
described for two of the members of this order, the Ficus and 
the Mulberry, on p. 297. In Artocarpus the inflorescence 
becomes fleshy and has a texture resembling that of bread. 
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Among the familiar plants belonging to this family in India are the 
many species of Ficus , including F. bcngalensis , the Banyan, which 
produces aerial roots that come down to the ground and take hold thore; 
in the famous example of this tree in the Calcutta Botanic Garden there 
are hundreds of these roots established, and the single tree covers 
several acres of ground. F. elastica , the Bobber Tree of Assam, usually 
starts epiphytically, but soon gets its roots into the soil, and also forms 
enormous buttress roots at the base. Other species start epiphytically, 
and form roots which clasp and ultimately strangle the host. F. religiosa 
is the Pipul. F. elastica produces caoutchouc or indiarubber, and 
several species are used as hosts for the lac insect. F. Carica , the Fig 
(Anjir); F. glomerata (Gular). Morns alba, var. indica , is the Indian 
Mulberry, used for its fruit and to feed silk -'worms. Artomrpus 
integri folia is the dak Fruit; A. incisa the Bread Fruit, introduced from 
the Pacific, and now common on the coasts. Dorstenia indica , with an 
open cup-like receptacle, occurs in Central and Southern India. Can- 
nabis saliva is the Hemp, largely growm for its narcotic resin, which 
exudes from the plant, and occurs in t hree common forms, ganja, charras, 
and bhang; the first is the flowering tops consolidated, the second 
the resin only, the third the leaves. Hashish, an intoxicating liquor, is 
also prepared from it. 

8. Loranthaceae. 

Distinguishing Characters. — Parasites with evergreen 
leaves and flowers in little groups of 3 or 2, 5 or unisexual , 
epigynous. Stamens as many as, and united to, perianth 
leaves ; ovary unilocular, the ovules not differentiated. Fruit a 
pseudo-berry or -drupe. 

This is a very interesting family of parasitic plants, in 
general well represented in India, chiefly by species of Loran- 
thus. They are semi-parasitic shrubs, which are attached to 
the host plants by suckers or haustoria, in the manner already 
described (p, 211). The stem very commonly forms branches 
at each node, the main shoot dying off and leaving them, so 
that it is sympodially constructed. As the suckers only draw 
material from the wood of the host, green leaves are an 
obvious necessity, and the plant possesses them; they may 
be opposite or alternate. 

The inflorescence is cymose, and the flowers occur in little 
groups of three, or sometimes of two only, the central one of 
the three aborting. The bract, instead of coming off so as to 
subtend the flower, in cases where the latter has a stalk, is 
united to the stalk for some distance up, and looks like a 
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bracteole. The flowers are either y> or unisexual, and possess 
a perianth of 3-5 leaves, cither sepaloid or petaloicl, with as 
many stamens inserted upon them. The inferior ovary is 
unilocular, and the ovules are not differentiated until after 
pollination. The embryo-sacs are usually more than one in 
each ovule, and lengthened out. The fruit is a pseudo-berry 
or -drupe, the seed surrounded by a sticky layer of viscin, so 
that when a bird swallows the fruit, it wipes off the seed upon 
a branch or elsewhere that it may be able to become parasitic. 
In Ceylon, the seeds may sometimes be found germinating 
upon telegraph wires. 

The family is divided into two sub-families, one of which, the 
Loranthoideae, possesses a calyculus, the other, the Viscoideae, 
not. This is a little fringe below the perianth proper, about 
whose morphological nature there has been much discussion, 
some regarding it as a calyx. The many species of Loranthus 
belong to the first sub-family, the few Viscums to the other. 

Many species of Loranthus are common in India, and a few 
of Viscum and other genera may be sometimes seen. These 
parasites are sometimes so common as to do great damage in 
gardens or on plantations. 

9. Polygonaceae. 

Distinguishing Characters. — Flowers polypctalous, hypo - 
gynous , usually hermaphrodite ; trimerous or sometimes dimer- 
ous , hut the number of parts often increased by duplication or 
diminished by suppression. Characters of ovary , ovule , and 
fruit. The presence of an ochrea is characteristic of the family. 

This family is represented in the Indian Flora in all parts 
by the genus Polygonum , while other genera, native or 
cultivated, are Rumex (Docks and Sorrels), Rheum (e.g. R. 
rhaponticum , the Kkubarb, R. officinale, the medicinal 
Rhubarb), and Fagopyrum , the Buckwheat. They are mostly 
herbs. 

The leaves are simple and alternate, with ochreate stipules, 
and the stems are swollen at the nodes. 

The acid properties found in most of the plants are due to 
the presence of various oxalates (p. 42). 
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The inflorescence in most cases is mixed, commonly a raceme 
or panicle of cymes. The flowers are hypogynous and usually 
hermaphrodite. 

They are typically trimerous, sometimes dimerous, but the 
number of parts is often increased by duplication or diminished 
by suppression. 



A, Flower and pistil of Poli/yonum per&icaria (2 styles); B, Flower of O.ryria; 

C, Flowor of a species of liumejr ; D, K, Fruits of species of liitmex showing 
persistent pci ian tli (a = swollen midrib of petal). 

Unisexual flowers occur in the Sorrels; Rumex acetosa, 
the Sorrel, is monoecious; R. acetosella, the Sheep’s Sorrel, is 
dioecious. 

The perianth typically consists of three sepals and three 
petals resembling each other, and either sepaloid or petaloid 
(Figs. 222 c, 223 a). It is polyphyllous, imbricate in aestiva- 
tion, inferior and persistent. This typical condition is found 
in Rumez and Rheum , and in these genera the inner segments 
(petals) enlarge during the development of the fruit and invest 
it (Fig. 222, p, e). In Polygonum (Figs. 222 a, 223 b) the 
anterior segment of the inner series (petal) is suppressed, so 
that the perianth consists of five leaves (P3 + 2 or K3 C2); 
here the three outer segments become enlarged and invest the 
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fruit. In Oxyria (Fig. 222, b) there are two sepals and two 
petals (P2 + 2 or K2 02)* 

The Androecium consists typically of six stamens (A3 + 3), 
but this typical condition is seldom found. Usually there is 
chorisis of one or more of the stamens of the outer series, and 
this may be accompanied by suppression of one or more 
members of the inner series (see Pig. 223). In Rheum there 



A, Jiumex ; II, Spec ion of Polygonum. 


are nine stamens, all the outer stamens being duplicated 
(A3 X 2 + 3). In Rumex the outer are all duplicated, but 
the inner suppressed (A3 X 2-f 0). In Polygonum there arc 
five to eight stamens; usually two outer stamens are duplica- 
ted, and one or more of the inner ones suppressed. In Oxyria , 
where the arrangement is dimerous, there are six stamens, the 
two outer ones being duplicated (A2 x 2 + 2). 

The Gynaeceum is usually tri-carpellary and syncarpous; 
in Oxyria and some species of Polygonum (e.g. P. amphibium) 
it is bicarpellary (Fig. 222, a). The ovary is unilocular, 
superior, with one basal orthotropous ovule (Fig. 174, p. 256); 
stigmas two or three. The fruit (Fig. 222, d, e) is oviod when 
there are two carpels, triangular when there are three. The 
persistent membranous perianth provides for wind dispersal. 
The seed is albuminous. 

An annular honey disc is present in Polygonum at the base of the 
stamens, and the flowers are entomophilous. Some species are marsh 
or water plants. 
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In Rumex there is no honey disc. The stigmas are long and feathery, 
and the flowers are wind-pollinated. Rumex crispus is the Curled Dock; 
R. obtusifoliusy the Broad Dock; R. hydrolapathum , the Water Dock. 
Rheum is entomophilous. Fagopyrum resembles Polygonum , and is 
sometimes placed in that genus ( Polygonum Fagopyrum). 


10. Chenopodiaceae. 

Distinguishing Characters. — Flowers monoclilamydeous , 
regular , hermaphrodite or unisexual, hypogynous, typically 
pentamcrous . Characters of ovary and seed. An order of 
halophytes. 

The plants belonging to this family are widely distributed in 
maritime regions, many of them (halophytes) growing in salt 
marshes or on muddy foreshores, and showing marked xero- 
phytic characters (see p. 232). It is represented in India by 
the Glasswort or Marsh Samphire (Salicornia), the Saltwort 
(Salsola Kali), the Seabiite (Suaeda maritima), and various 
species of Goosefoot ( Chenopodium ) and others. Chenopodium 
is not so markedly halophytic as the other genera, various 
species being commonly met with on waste or cultivated 
ground and presenting the ordinary herbaceous characters. 

The plants are mostly herbs, in which the stem and leaves 
are often succulent and fleshy and serve for the storage of 
water. The leaves are occasionally absent (e.g. Salicornia); 
when present they are exstipulate and alternate, or occasionally 
opposite (sp. of Atriplex). They often feel granular or mealy 
to the touch owing to the presence of small hairs; this is very 
noticeable in species of Chenopodium and Atriplex. 

The inflorescence is frequently mixed; racemes, panicles, 
and spikes of small cymes are common. The flowers (Fig. 224) 
are small and inconspicuous, regular, monochlamydeous, 
hypogynous, hermaphrodite, or occasionally (Atriplex) uni- 
sexual and either monoecious or dioecious. They are honey- 
less, and either anemophilous or self-pollinated. 

Perianth poly- or gamo-phyllous, small, sepaloid, and 
persistent. It usually consists of five leaves (the rule in 
Chenopodium, Beta, Salsola, and Suaeda), sometimes of three 
or four (Salicornia) ; in the female flowers of Atriplex there are 
only two. Stamens usually as many as the leaves of the 
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perianth and opposite them, hypogynous, sometimes perigy- 
nous (Beta); Salicornia has either one or two. Gynaeceum 
of two, sometimes three, carpels, sy near pons ; ovary unilocular, 
superior (half inferior in Beta) with one basal eampylotropous 
ovule. Fruit a small nut enclosed in the persistent perianth. 
Seed albuminous or occasionally exalbuminous; the embryo 
is curved or spirally twisted round the endosperm. 



A, Flowei of .species of Chniofuxliinn ; H, Flower of Meet in section. 


Salicornia , the Samphire, is a small leafless plant which is widely 
distributed and grows on muddy shores. It has succulent jointed 
stems. The flowers arc placed two or three together in little cavities, 
two of which are found opposite to each other at each node. The flower 
has a fleshy perianth with three or four teeth, one or two stamens, and 
a pistil of two carpels. 

There are some familiar cultivated forms. The Garden Beet and the 
Sugar Beet are cultivated varieties of the Wild Beet. They are biennia Is 
and sugar is stored up in their roots. Spwacia oleracea is the Spinach; 
the flowers are in dichasia and are dioecious. 


11. Portulacaceae (Fig. 225). 

Distinguishing Characters. — Herbs , leaves often fleshy , 
flowers regular , $ ? in cymes ; sepals 2, petals 4-5, stamens 4-5, 
opposite the petals , or more , sometimes perigynous ; ovary 
superior (2-8), usually (3), unilocular with few or many ovules 
on a central basal placenta ; fruit a capsule. 

This family is well represented in India by the various species 
of Portulaca (P'ig. 225), which are common on waste ground 
and in sunny places. They are all small herbaceous plants 
growing only an inch or two high, with many sprawling lateral 
branches. They are usually annuals, coming up afresh every 
year from the seeds of the previous year, but some have 
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tuberous storage roots. The leaves are small, and are generally 
more or less fleshy from the development of water-storing 
parenchymatous tissue; the plants grow in places which are 
liable to become very dry, and without storage of water as 
well as a cuticle which resists the passage of water by evapora- 



A, Floral Diagram of Portulaca olcracea (after Enolkr). 
13, Plant of Portulaca ivberom. 


tion, they would be liable to destruction in a serious drought. 
The leaves are sometimes alternate, sometimes opposite, and 
usually possess stipules, though in some of the species these 
are represented by an axillary bundle of fine white hairs. 

The inflorescences are simple ; in many species the flowers 
are solitary, but in the others the inflorescence is of cymose 
nature. 


I. BOT. 


C \- 1 
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The flowers are hermaphrodite and regular and usually 
hypogynous; whether they are really dichlamydeous or not 
is a matter of discussion, but they are now perhaps most often 
regarded as only monochlamydeous. Assuming for the 
moment that they have the two whorls of perianth, the calyx 
is of two sepals, an anterior overlapping a posterior, and 
usually united below; the petals are 4 or 5, distinct, and in 
Portulaca , the only common genus of the family in India, 
they are markedly perigynous, the ovary being adherent to 
the base of the sepals. The stamens are 4 or 5, opposite to 
the petals, or sometimes twice or three times as many, and 
sometimes, more especially in Portulaca , of intermediate* 
numbers, due to more or less branching of one or more of their 
number; the ovary is usually superior, but in Portulaca is 
half-inferior, of (2-8) usually (3) carpels, and is unilocular with 
a basal placenta which bears numerous ovules, while the 
number of carpels is indicated by the number of stigmas. 

The arguments upon which the theory of the monochlamy- 
deous nature of this flower is based are chiefly that the petals 
and stamens are opposite to one another, instead of alternat- 
ing, as they ought to do, and that the sepals are two instead 
of five, giving the impression that they are in reality the 
bracteoles of the flower, not the calyx. This is to some extent 
confirmed by other phenomena to be seen in this and other 
allied families, and the evidence is on the whole in favour of 
this view, under which the apparent corolla is really the only 
whorl of the perianth. 

The flowers secrete honey and are visited by flies and other 
insects. They close at night and in dull weather. On withering 
the stamens and style crumple up together, and self-fertilisa- 
tion occurs. The stamens of Portulaca oleracea are slightly 
sensitive to contact, and move towards the side touched. 

The only Indian genus is Portulaca itself, though there are sometimes 
others to be seen in ornamental gardens. The genus Portulaca is 
abnormal in possessing a semi -inferior ovary. Among the common 
species are P. oleracea, the Purslane, which is a common pot-herb in 
many parts of the world, and has alternate tlattish exstipulate leaves, 
rather closely crowded together, and bunches of flowers; P. quadrifida , 
with opposite flat leaves, stipules composed of bunches of hairs, and 
single flowers; P. tuberosa (Fig. 225, b), on rocks on the sea shore, with 
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nearly cylindrical very fleshy leaves (p. 321), and single flowers. There 
are many garden varieties of Portulaca cultivated. 

12. Caryophyllaceae. 

Distinguishing Characters. — Flowers regular , generally 
polypetalous and hypogynous ; stamens usually twice as many 
as the petals , but sometimes fewer ; pistil of 2-5 carpels , syncar - 
pous ; ovary unilocular ; free central placentalion ; fruit a 
capsule ; the swollen nodes , opposite leaves , and cymose inflores- 
cence are characteristic. 

The plants belonging to this family are mostly herbs with 
swollen nodes and opposite, simple, entire, and usually ex- 
stipulate leaves, e.g. Pink, Sweet William, Ohickwecd, and 
various species of Campion. The inflorescence is cymose, 
typically a dichasium (Fig. 189). The flowers are regular, 
usually hermaphrodite and pentamerous, exceptionally uni- 
sexual or tetramerous. 

Calyx polysepalous or gamosepalous, of 5 (or 4) sepals. 
Corolla polypetalous, of 5 (or 4) petals; occasionally the 
petals are wanting. Androecium of 10 (or 8) free stamens 
(in some species reduced to 5, 4, or 3), hypogynous (or, occa- 
sionally, perigynous), obdiplostemonous. Gynaeceum of 2-5 
carpels, syncarpous, with free styles (Fig. 169, c); ovary 
unilocular, superior; ovules usually numerous, amphitropous 
or campylotropous, with free central placentation (see p. 255). 
Seed albuminous; embryo curved round the endosperm. 
Fruit usually a unilocular capsule dehiscing by teeth separating 
at the apex; seeds scattered by the censer mechanism (p. 298). 

In the Caryophyllaceae there are two very distinct types of 
flower-structure, and corresponding to this the family is sub- 
divided into two groups or tribes : — 

I. The Alsinoideae, the lower type, in which the sepals are 
free or only slightly united at the base, and the petals are 
short. The flowers are shallow and wide open therefore, and 
the honey, which is secreted by glands at the bases of the 
stamens, is accessible to a variety of short-tongued insects 
(flies, etc.). The flowers are usually protandrous, but some 
are homogamous and seif-pollinated. In this group the leaves 
are sometimes stipulate, the flowers may be more or less 
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perigynous, and there is frequently reduction in the number 
of petals or stamens. 

II. The Silenoideae, in which the calyx is gamosepalous and 
tubular, and the petals are long and clawed (Fig. 160, a). The 
dowers therefore are closed up, and the honey, which is 
secreted by the receptacle between the calyx and corolla, can 
be reached only by long-tongued insects (bees, butterflies, and 
moths). Small insects are further excluded in some species 
by the presence of ligules on the petals. The dowers are 
usually distinctly protandrous. 

I. Alsinoideae. — Stella ria. Petals 5, deeply two-lobed, appearing 
like 10, rarely none. Many species are edmmon in the hills, but a few 
descend to the plains, preferring moist, shady places. Ceraslium 
vulgatum is found in the hills all over India. 

II. Silenoideae. — Spoeies of Dianthns , Lychnis, and Silene are found 
in the hills. 8 . conoidea descends to the Punjab plains. The genus 
Silene is distinguished from Lychnis by its three styles. 

13. Ranunculaceae. ^ 

Distinguishing Characters. — Perianth leaves free , usually 
petaloid; flowers hypogynous ; stamens indefinite (oo); gynae- 
ceum apocarpous. 

Except Clematis , the plants belonging to this family are 
herbs with alternate or radical, and, usually, much-divided, 
cxstipulate, sheathing leaves. Most species of Clematis are 
shrubs with opposite leaves, climbing by means of their 
petioles. 

The plants usually perennate by means of sympodial 
rhizomes. The primary root is lost and adventitious roots 
are developed. In many cases these adventitious roots 
become tuberous, e.g. in Monkshood. 

The inflorescence is in most cases cymose, e.g. Buttercup. 
In Monkshood and Larkspur racemes are found. In Anemone 
the flowering shoot bears a terminal flower. 

The flowers are hermaphrodite, mostly actinomorphic, and 
may be cyclic or hemicyclic. In Monkshood and Larkspur 
they are zygomorphic. 

The perianth seldom shows distinct calyx and corolla. This 
does occur, however, in the largest genus Ranunculu$ x where 
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there are typically five sepals and live petals (Fig. 154). In 
many cases between the outer perianth leaves and the stamens 
there are honey-organs (nectaries) of various forms. These 
have commonly been regarded as modified petals . According 
to this view the outer perianth leaves represent a petaloid 
calyx. The term calyx is also applied to a single series of 
perianth leaves, when there are no honey-organs (e.g. Clematis, 
Thalictrum), on the ground that in such a case the petals have 
disappeared altogether. It is convenient to adopt this view 
in describing the various types, although it is more probable 
that the honey-organs have been derived from the outer sta- 
mens. It should be noticed that nectaries in some genera are 
developed in connection with the sepals, stamens, or carpels. 

The stamens are indefinite in number (oo), hypogynous, 
free; anthers innate, extrorse. The gynaeceum is apocarpous, 
and usually polycarpellary; the number of carpels varies. 
There may be one or a number of anatropous ovules in each 
ovary; if one, it may be erect or pendulous. 

The seed is albuminous. The fruit may be an etaerio of 
achenes, or of follicles — rarely a berry, or (owing to exceptional 
fusion of the carpels as in Nigella) a capsule. 

Pollination. — The flowers are usually protandrous, but 
those of Thalictrum and Helleborus are protogynous. The 
Buttercup, in which the honey is only partially concealed, is 
visited by various insects. The flowers of Adonis and Thalic- 
trum i, as also those of Wood Anemone and Traveller’s Joy, are 
“pollen-flowers”; but some species of Thalictrum. are wind- 
pollinated, and in some species of Anenome and Clematis honey 
is secreted by staminodes only partially concealed. 

The flowers of Trollius and Wood Anemone are often self- 
pollinated, and in most of the other genera self-pollination 
may occur, but in Helleborus it is precluded by the absolute 
protogyny of the flower. The most highly specialised flowers 
are those of Columbine (Aquilegia), Larkspur, and Monkshood. 
They are adapted for pollination by long-tongued bees (chiefly 
humble-bees). 

Most of the Indian Ranunculaceae grow in the hills, some ascending 
to the alpine zone in the Himalaya. Banuncidus sceleratus is, however, 
found in the plains from the Punjab to Bengal. 
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Fig. 226. 


A, Buttercup Flower ; B, Some parte of A ; note the nectary at petal-base, and the 
boat-shaped sepal.; C, Longitudinal Vertical section; D, Floral Diagram; K-H, 
ditto for AquiUyut (Columbine). 
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Ranunculus (Figs. 154, 226, a-d): This genus includes the Buttercups 
(Crowfoots). K 6 C 5 AqoC- 99. Each petal has a little pocket-shaped 
nectary at the base. Fruit- an etaerio of achenes. 

Clematis: Four petaloid sepals; petals none; fruit an etaerio of 
achenes with persistent hairy styles. Many specimens common in 
Temperate Himalaya, e.g. C. montana , C. Gouriana. 

Anemone: Sepals 5-0, petaloid; petals none; fruit an etaerio of 
achenes. A. rivularis , etc., Himalaya. 

Thalidrum : Sepals 4-5, more or less petaloid, falling off early; petals 
none. The stamens form the attractive part of the flower. Fruit an 
etaerio of achenes. 7\ javanicum, T. foliolosum, Himalaya. 

Aquilegia (Fig. 226, e-ii): Sepals 5, petaloid; petals 5, spurred; 
carpels 5; fruit an etaerio of follicles. A. pubiflora , W. Himalaya. 

Aconitum (Monkshood), Fig. 158: Zygomorphic; 5 petaloid sepals, 
t ho posterior one large and galeate ; 2 petals represented by nectariferous 
organs enclosed in the hood of the calyx ; carpels 2-5; fruit an etaerio of 
follicles. A. heterophyllvm is the Atis, the roots of which are largely 
collected in the W. Himalaya and exported to the plains for medicinal 
purposes. 

Delphinium (Larkspur) : Zygomorphic ; 5 petaloid sepals, the posterior 
one spurred ; 2 spurred petals projecting into the spurred sepals ; carpels 
1-5; fruit an etaerio of follicles, sometimes a single follicle. 

14. Anonaceae. 

Distinguishing Characters. — Trees and shrubs with two- 
ranked entire exstipulate leaves and 5 hypogynous flowers ; 
perianth usually in three whorls; stamens and carpels co, free; 
ovules oo ; fruit usually an aggregate of berries. 

This is a large order of tropical trees and shrubs, well 
represented in the East by the custard apple (Sharif a or 
Sitaphal) and soursops (Mamphal), etc. Their leaves are 
usually borne in two ranks upon the lateral branches, and 
have no stipules; they are also undivided. 

The inflorescence may be of various kinds, and the flowers 
are oo and regular. The perianth consists of three or more 
whorls of usually three leaves each, the outer whorls being 
sepaloid, the inner petaloid; the stamens arc oo, in a spiral 
arrangement, and like the perianth hypogynous, while the 
carpels are also oo and free from one another, except in Mono - 
dora, which is rarely seen in India. The ovules in each carpel 
may be one or many, anatropous. The fruit is most commonly 
an aggregate of berries, which are sometimes constricted 
between the seeds. In the custard apples, soursops, and others 
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of tlie genus Anona , the berries are united to the receptacle, 
forming a single fruit from an apocarpous ovary. The 
Magnoliaccae, which are represented in India by the Champak 
(Michclia Champaca) and others, have almost the same general 
characters, and the chief point of distinction lies in the fact 
that the endosperm of the seeds in Anonaceae is ruminate, or 
marked by wavy lines which give it a kind of marbled 
appearance. 

There are many Anonaceae in India, but the only familiar 
ones are the various species of Anona, A. muricata , the Soursop 
(Mamphal), A. reticulata , the Bullock’s Heart (Ramphal), and 
A. squamosa , the Custard Apple (Sharif a or Sftaphal). 

15. Lauraceae. 

Distinguishing Characters. — Trees and shrubs with alter- 
nate exstipulate leaves and regular apetalous flowers, most often 
trimerous with two whorls of perigynous perianth, three or four 
of stamens (anthers opening by valves) and unilocular ovary. 
Fruit a berry. 

This is a fairly large family of tropical trees and shrubs, 
especially well represented in Indo-Malaya. They have a 
somewhat xerophytic character, which is shown in the leathery 
leaves that most of them possess, and which are alternate 
and exstipulate, and usually possess many oil-cavities, which 
show as translucent dots when held up to the light. Cassytha 
is an interesting parasite with the general habit and con- 
struction of Cuscuta, already described (p. 211). 

The inflorescence is of various kinds, either racemose or 
cymose, and is composed of regular flowers, which may be 
either $ or unisexual. The parts of the flower may be of 
almost any moderate number in any whorl, but the numbers 
in general correspond from one whorl to another, and the most 
common number is three. The perianth is in two whorls, 
sepaloid and perigynous, the stamens in four whorls, some- 
times epigynous, the carpel one forming a unilocular ovary 
with one pendulous anatropous ovule. The anthers are most 
commonly all introrse, but sometimes those of the third whorl 
open outwards; the opening is by valves which bend upwards. 
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The fruit is a berry, and is often enclosed in the receptacle 
which also becomes fleshy; the seed is exalbuminous. 

There are many of this family in India, but among the more important 
are Cinnnmmnuw zeylanicum, the Cinnamon (Dalchini), a tree if left to 
itself, but in cultivation kept coppiced to produce long shoots, whose 
bark, stripped ofT, dried, and rolled up, forms the spice of commerce; 
C. Camphor a, the Camphor (Kafiir), a native of China and Japan, but 
sometimes cultivated, the leaves being distilled for the camphor which 
they contain; the Alligator Pear or Avocado, Per sea gratissima , an 
American fruit introduced by the Portuguese and now very common, 
with one gigantic seed in the middle of a fleshy fruit; Cassytha , the 
parasite mentioned, etc., etc. 

16. Cruciferae (Figs. 165, 201). 

Distinguishing Characters. — Flowers polypetalous , hypo- 
gynous; parts in twos or fours; cruciform corolla; tetra- 
dynamous stamens; placentation and structure of ovary and 
fruit. 

This is an almost cosmopolitan family, but much better 
represented in temperate than in tropical climates, though 
the Mustard, which belongs to this family, is everywhere to 
be found in India. It is almost entirely composed of small 
herbs, and is a very distinct and well characterised family, with 
alternate exstipulate leaves. 

The inflorescence is usually a typical raceme or corymb, and 
only very rarely has it any trace of bracts or of bracteoles. 
The flower is 5 , regular, and hypogynously arranged. The 
calyx is composed of four distinct sepals, the corolla similarly 
of four petals, which are arranged like the arms of a Greek 
cross, whence the name of the order. The stamens, whose 
anthers are introrse, are arranged in two whorls; outside are 
two shorter stamens, inside are four longer ones; this arrange- 
ment, which is characteristic of the family, is termed tetra- 
dynamous. 

The carpels are two, arranged transversely in the flower; 
they are united, and form an ovary which is “ typically ” 
unilocular, but in practice bilocular, for the two parietal 
placentae are united by a thin membrane crossing the ovary 
in the anteroposterior direction (Figs. 165, 178). The ovary 
terminates in a very short style, bearing two stigmas, which 
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stand, not above the midribs, but above the placentae. The 
fruit is capsular, and may be long and comparatively narrow, 
in which case it is called a siliqua , while if shorter and broader 
it is termed a silicula ; when it opens, the two valves break 
away from the replum, except at the upper end (p. 291, 
Fig. 201), leaving the replum intact, usually with most of the 
seeds adhering to it. 

Honey is secreted by nectaries which may be seen on the 
basal portions of the stamens, and is more or less protected 
in most Cruciferae by the fact that the sepals often stand up 
nearly vertically, forming a sort of tube to the flower. Insect 
visitors touch the stamens with one side of their heads and 
bodies, the stigmas with the other. 

There are not many wild Cruciferae in India, but several important 
cultivated species, e.g. Brass ica alba, the Mustard; B. campestris , the 
Turnip; B. oleracea , the Cabbage, with the varieties Cauliflower, Knol- 
kohl (with the base of the stem thickened), etc.; Nasturtium officinale , 
the Watercress; Raphanus sativus , the Radish. Capsella bursa- 
pastoris, the Shepherd’s Purse, is a common weed. 

17. Rosaceae. 

Distinguishing Characters.— Flowers polypetalous , peri - 
gynous , regular; stamens in whorls , usually numerous; pistil 
apocarpous. 

This is a large family of herbs, shrubs, and trees. The leaves 
are alternate, simple, or compound, and usually stipulate. 
Vegetative reproduction by means of runners and suckers is 
of common occurrence. The family is distinguished from 
Ranunculaceae by the shape of the receptacle, and the whorled 
arrangement of the floral leaves. Familiar examples are 
Rose, Strawberry, Raspberry, Apple, Pear, and Quince. 

The inflorescence is very various, and includes both racemose 
and cymose forms. The flowers (Fig. 227) are regular, penta- 
merous (or tetramerous), usually hermaphrodite, perigynous 
(occasionally epigynous, owing to fusion of the carpels with the 
calyx tube). 

The calyx is gamosepalous, of five (or, occasionally, four) 
sepals. An epicalyx is sometimes present, e.g. Strawberry. 
The corolla is polypetalous and rosaceous, with usually five 
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petals, imbricate in the bud; the petals are occasionally 

wanting. Stamens two, three, or four times as many as the 

petals, or oo. Gynaeceum of 1 to oo carpels, apocarpous. 

There are usually 1 to 2 

anatropous ovules in each 

carpel. Fruit various — a ^ 


drupe, a pome, etaerios of 
drupes, achenes, or fol- 
licles. The seed is exal- 
buminous. 

The order gives a good 
illustration of the various 
forms of perigyny (see Fig. 
156, b-e). The great 
variety of fruits is due to 
various causes — persist- 
ence or non-persistence of 
the receptacle (calyx- 
tube), dryness or fleshiness 
of pericarp or receptacle, 
number and form of ripe 



Fig. 227. Floral Diagram of Rose. 


carpels, etc. 


The wild members of this order are mostly found in the hills. 

Prunus. Fruit a drupe. P. armeniaca (Zard&lu), Apricot; P. 
persica (Aru), Peach; P. amygdalus (B&d&m), Almond; P. communis 
(Aluch&); P. lanata (Amlok). 

Spiraea. Fruit an etaerio of follicles more or less united at the base; 
inflorescence a raceme, corymb or panicle. S. canescens , S. belli, Tem- 
perate Himalaya. 

Rubus. Fruit an etaerio of succulent drupes; receptacle flat; calyx 
persistent; no epicalyx. Many species with edible fruits (Raspberry, 
Blackberry). 

Potentilla. Fruit an. etaerio of achenes on a dry receptacle; calyx 
persistent ; epicalyx present. Some species ascend into alpine Himalaya. 

Fragaria (Strawberry). Fruit an etaerio of dry achenes embedded in 
a fleshy swollen receptacle (ct. Rubus). F. indica and F. vesca (Wild 
Strawberry), Himalaya. 

Rosa (Rose). Fruit of many achenes enclosed in a deep, hollow 
fleshy receptacle. 

Pyrus. Fruit a pome, the carpels being adherent to the fleshy 
receptacle; 2 seeds in each carpel. P. communis (N&spatf), Pear; 
P. Malus (Seb), Apple. 
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Cydonia. Fruit a pome; a number of seeds in each carpel. G. vul- 
garis (Bihi), Quince. 

18. Leguminosae. 

Distinguishing Characters. — Trees, shrubs , and herbs, 
often climbing; leaves alternate , stipulate , usually compound ; 
flowers regular, or more often irregular, in racemose inflorescences, 
slightly perigynous ; sepals usually 5, united, petals 5, free, 
often highly zygomorphic , with standard, wings, and keel; 
stamens 10, free or united into a tube, sometimes oc; carpel 1, 
superior, with long style; fruit a legume or pod , or lament urn, 
with exalbuminous seeds. 

This is one of the largest families in the Indian Bora, and is 
divided into three sub-families, Papilionatae, Caesalpinioideae 
and Mimosoideae (p. 337), each of which is well represented 
in India. Living in every variety of soil and climate they 
show great variety in habit — trees, shrubs, herbs, water-plants, 
mesophytes, xerophytes, climbers, etc. 

The roots of most species exhibit peculiar tubercles, which 
may be seen by taking up a root with the soil attached, and 
carefully washing away the latter in water. These tubercles 
are metamorphosed lateral roots, and are inhabited by a 
bacillus which enables the plant to absorb free nitrogen from 
the air. Hence the great value of the Leguminosae as a crop 
on poor soil, as coming in a rotation of crops, or as forming 
part of a mixture of crops such as is often employed in India 
(pulses or Leguminosae being sown intermixed with cereals 
such as Sorghum). They are also of much value when 
employed as manures for tobacco or other crops. In all 
these cases the soil is enriched to a greater or less extent with 
nitrogen, which is one of the most expensive constituents in 
an artificial manure. It is almost needless to remark that if 
the leguminous plant be made to yield a crop, so much nitrogen 
will be removed in this that the gain to the soil will be little 
or nothing, whereas if the whole plant be employed as green 
manure, the gain will be considerable. 

The stem is most commonly erect, but there are also many 
climbing plants. Some of these, for example the peas, have 
tendrils which are modified leaves, some of the Bauhinias and 
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others have stems modified to serve as tendrils, some of the 
Caesalpinias have leaves modified into hook^ some Acacias 
have hooks which are simple emergence^c^A good many of 
the family have thorns, which in ^offie cases, as in many 
Acacias, are modified stipules. 


• • 



Fig. 228. Floral Diagrams of (A) Vicia faba (Papiltonatae) after 
Eichler, (B) Cassia floribunda (Caesalpiniojdeae) after Baillon, 
(C) Acacia latifolia (Mimosoideae) after Eichler. 


The leaves are generally alternate, stipulate, compound 
pinnate. Some of the Acacias cultivated in the hills, especially 
A. deeurrem , exhibit phyllodes, and if seedlings be studied, 
they will be seen to exhibit an interesting gradual transition, 
the first leaves produced are ordinary pinnate leaves, the next 
have rather less of the pinnate portion and a somewhat 
flattened stalk, and so on it goes, till after a time the plant 
produces only leaves with flattened stalks and no pinnate 
blades at all. The stipules in this family may assume a variety 
of forms; sometimes they are very large and leafy, as in some 
of the peas, but most often perhaps they take the form of 
thorns. 

At night, and in dull weather, the leaves very commonly 
perform sleep movements: these are effected by the leaflets 
folding together in pairs, either above or below the rachis, so 
that the amount of radiation from the leaf is very much 
reduced. 

In Mimosa pudica y the Sensitive Plant, a Brazilian species 
now a common weed in some parts of India, the leaves are 
also sensitive to touch. A leaf should be very carefully 
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touched at the outer end of one of the four segments; if the 
right degree of stimulation be given, the leaflets will be seen 
to close up in pairs, the stimulus working gradually downwards 
to the junction of the four segments, which will then be seen 
to move inwards towards one another, and after some time 
the main stalk will often bend downwards at its junction with 
the stem. If the under side of this main joint be tickled in 
another leaf, it will move without causing any movement of 



Fig. 229. Vertical Section of Flower of Pea. 

the other pulvini. Nc/ptunia oleracea , a native water plant, 
shows similar phenomena, though not so well. In Desm odium 
gyrans , the Telegraph Plant, which occurs all over India, the 
two lateral leaflets execute continual spontaneous rotary 
movements, so long as the temperature is high enough. 

The inflorescence is racemose, but varies much in detail, 
panicles, spikes, and racemes all being common. The flowers 
(Figs. 228, 229) are regular in Mimoseae, irregular in the other 
sub-families. The receptacle is convex or flat, so that at most 
the flower is only slightly perigynous. The calyx is usually 
(5), with the odd sepal anterior, the sepals more or less united; 
the corolla 5, alternating with the calyx ; in aestivation it may 
be valvate (Mimoseae) or imbricate; in the latter case the 
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imbrication is ascending in Caesalpinioideac, the edges of the 
posterior petal being inside those of the lateral petals, and 
descending in Papilionatae, the edges of the posterior petal 
being outside those of the lateral. 

The flower in Papilionatae (Fig. ^29), and to a less extent 
in Caesalpinioideac, is irregular, having a large posterior petal, 
the standard or vexillum, two laterals, the wings or alae , and 
two lower, which are often united to form a keel or carina. 

The androecium consists typically of 10 stamens, free or 
united into a tube, which may consist of all 10, or more often 
of 9 with a single free stamen lying along its upper side. 
Numerous stamens occur in some of the Mimoseae, as in Acacia , 
Albizzia. When a keel is present, the stamens are enclosed in 
it. The gynaeceum consists of one carpel, with the ventral 
side posterior, with a long style and terminal stigma, and has 
two rows of ovules alternating with one another to stand in 
one rank. 

As regards fertilisation of the flower little is known except 
in regard to Papilionatae. In these the keel encloses the 
stamens and style, and protects them from rain, the attacks 
of injurious insects, etc., while at the same time making the 
flower complex, so that the less intelligent insects do not visit 
it. Honey is secreted near the base of the tube of stamens, 
on the inner side, and is rendered accessible by the loose 
stamen on the upper side of the tube, which often also has 
two little openings on either side. 

The flowers are thus especially adapted to bees, winch are 
the cleverest insect visitors, but other insects at times visit 
them. The visitor alights on the wings and depresses them 
while looking for honey, and as the wings are always joined 
to the keel by projections which just fit into hollows in the 
latter, the keel is depressed also and the essential organs of 
the flower emerge. As the stamens come out later than the 
style, there is therefore a fair chance of cross-pollination 
happening, whilst self-pollination usually occurs also when 
the organs return into the keel on the departure of the insect. 

There are different types of this mechanism; sometimes 
the parts simply move in and out as the keel is depressed or 
raised, sometimes they explode outwards at the first depression. 
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and will not return, sometimes there is a mechanism, such as 
a brush of hairs on the style, for pushing out the pollen at the 
apex of the keel. In Arachis , the Ground-nut (Mung-phali), 
the flower after fertilisation buries itself in the earth and there 
ripens its pods. 

The fruit is typically a legume or pod, formed of the one 
carpel, opening on both sides; very often, however, the pod is 
constricted between the seeds, forming a lomentum , which 
breaks up into one-seeded indehiseent portions as in Des- 
modium. A. arabica has also a pod much constricted between 
the seeds, but the whole pod dehisces imperfectly into two 
valves. The seed is exalbuminous, and has generally thick 
coytledons that contain much reserve material, ensuring rapid 
and vigorous germination. 

Apart from their usefulness as green manures, the Legumi- 
nosae are a most valuable order of plants. The seeds of many 
are important foods, though some are poisonous, and it is not 
safe to assume that a given member of the order can be used 
for food. Arachis hypogaca, the Ground-nut, Ciccr arietinum , 
the Ghana, Dolichos Labiab, the Lablab, D. bijlorus , the Horse- 
gram, Lens esculentus, the Lentil, Phaseolus Mungo , the Mung, 
and other species of Phaseolus and Pisum. (peas), and other 
members of the family, are important food crops in India. 
Many have edible pods, e.g. the Tamarind, Tamarindus indica ; 
others are valuable as fodder for animals. Many yield useful 
timbers, which in many cases, e.g . the Tamarind, has the 
heart-wood darker-coloured than the sap-wood. 

Crotalaria juneea is the Sunn-hemp, and other species also 
yield useful fibres. Several species of Indigofera yield indigo; 
the plant is soaked in water, and the yellowish solution thus 
obtained is oxidised by admission of air, when an insoluble 
precipitate of indigo is formed. Oil is obtained from the seed 
of the Ground-nut and others, kino (a resin-like body, soluble 
in water, astringent, used in medicine and in tanning) from 
Pterocarpus and Butea, gums from Acacia , cutch, the yellowish 
tan used in the manufacture of khaki, from Acacia Catechu , 
and so on. 

I. Mimosoideae. Aestivation of corolla valvate, flower 
regular. 



CL A SSL FI (ATI ON OF LEO U M I N OS A E . 


337 


II. Caesalpinioideae. Aestivation of corolla imbricate, the 

posterior petal included by the laterals; flower zygomorpkic, 
stamens usually free. l t' L* - *' 

III. Papilla natae. Aestivation of corolla imbricate, the 
posterior petal including the laterals; flower zygomorphic, 
stamens usually united, and enclosed in the keel. 

'File number of Leguminosae in India is enormous, and we may just 
mention a few in addition to those whieli have already been introduced. 
To Mimosoideae belong Mimosa pudica, the Sensitive Plant, a Brazilian 
species introduced in early times by the Portuguese, probably acciden- 
tally, and now one of the commonest and most troublesome weeds in 
some districts ; Pit her. niobium Banian, the Rain-tree, also an introduction 
now very largely used in some parts as a roadside shade tree, and showing 
nocturnal sleep movements very perfectly; Acacia arabica , the Babul, 
which in many parts of India is almost the only tree; many other species 
of Acacia, including the pliyllode-bearing Australian A. decurrens, now 
much cultivated in the hills; Neptunia oleracea , a water plant with 
sensitive leaves; Albizzia Lebbek, the Siris. The Katha, commonly 
eaten with Pan, is the heart- wood of Acacia Catechu , boiled down. 

To the Caesalpinioideae belong the Bauhinias, with watch-spring 
tendrils and two-lobod leaves (hence the name given to them, the two 
Bauhins, after whom they are called, being twins); the many Cassias, 
which with their bright yellow flowers form such a conspicuous feature 
in the vegetation of any weedy spot; Cassia fistula , the Amaltas; 
Caesalpinia pulcherrima , the Peacock Flower, everywhere cultivated; 
Poinciana regia , the Gold Mohur Tree; Tamarindus indica , the Tama- 
rind, everywhere cultivated for its fruit; Haematoxylori campechianum , 
the heart-wood of which yields the dye haematoxylin, and others. 

To the Papilionatae belong many species of Croialaria , including 
C. juncea, the Sunn Hemp; Scsbania grandifiora, the flowers of which 
are eaten; Arachis hypogaea, the Ground-nut; many Desmodiums; 
Abrus precatorius , the Crab’s-eye, Rati, with its seeds sharply marked 
into red and black areas’"; Aeschynomene aspera , the Shola, which 
grows as a low tree in shallow water and has the lower part of the stem, 
in or near the water, much thickened by a great development of spongy 
wood, which probably has to do with the aeration of theplantf; Ptero- 
carpus, of which several species yield good timber; Dalbergia latifolia , 
the Blackwood or East Indian Rosewood; D. Sissoo , the Shisham; 
Butca frondosa, the Dh&k or Pul&s, one of the most showy flowering 


* These are the original of the carat weight of jewellers, and are used 
as weights in India. 

f This spongy wood is employed, cut into thin strips and fastened 
together, to make the pith helmets or topees worn by Europeans in 
India, which are often in error called solar, instead of shola, topees. 

I. BOT. 
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trees, from whoso bark Bengal kino (see above) is obtained*; and the 
many species of Phaseolus , Lathy run , Vigna % and other plants with 
edible seeds or pods, whieli are cultivated as garden and sometimes as 
field crops. Trigonella Foenum-Oroecuw, the Fenugreek, is the Met hi. 
Alhagi maurorum is a desert plant occurring in Egypt, and in the plains 
of the Punjab and United Provinces, and bearing flowers on branches 
modified into thorns. 


19. Rutaceae. 

Distinguishing Characters. — Shrubs and trees with gland- 
dotted leaves, and £ flowers with large disc below ovary ; calgx 
and corolla 5-4; stamens 10, 8, or less; ovary superior, of 
usually (5-4) carpels, multilocular ; fruit various. 

This is a large family, more characteristic of the sub-tropical 
than of the tropical zones, hut well represented in India by 
oranges, limes, etc. They are nearly all trees or shrubs, with 
alternate or opposite leaves, which are generally compound 
without stipules. The leaves have oil-glands embedded in 
them, which show as translucent dots when held up to the 
light. In Citrus, the genus to which belong oranges, limes, 
etc., the leaf is apparently simple, but the winged petiole is 
articulated to the lamina, which indicates that it is really 
one leaflet of a compound leaf (Fig. 111). 

The construction of the inflorescence is generally cymose, 
and the flowers are most often J and regular, with a largel 
disc below the ovary. The calyx and corolla are 4 or 5 each, 
and the sepals and petals are free from one another; the 
stamens twice as many or sometimes as many, or oo, with 
introrse anthers; the pistil of 4 or 5 carpels syncarpous, ovary 
superior, with as many loculi and axile placentation, and with 
two or more ovules in each loculus. The fruit is of various 
kinds, a schizocarp, berry, or drupe. That of the Orange and 
Lime, for example, is a berry with a leathery epicarp, the flesh 
made up of cells which grow out from the inner layer of the 
pericarp. 

* This plant is also used as a host for the lac insect, which feeds 
upon the tree and secretes around itself a resinous coating, which when 
collected and melted forms the shellac of commerce. The petals yield 
a yellow dye commonly used in the Holi festival. 
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The most familiar members of this family in India are the 
various species and varieties of Citrus , such as C. aurantium , 
the Orange, C. medica, the Citron, with its varieties, Limonum , 
the Lemon, acida , the Lime, and Limrtta , the Sweet Lime, C. 
decumana , the Shaddock or Pomelo (Chakotra), etc.; 
marmelos is the Bael Fruit, F crania elephantum , the Elephant 
Apple, Murraya Koenigii , the Curry Leaf (Gandhela), etc.; 
and there are many wild members of the family, chiefly 
belonging to the same sub-family, Aurantioideae, as the 
oranges, etc. The twigs of Zanthoxylum alatum (Tirrnar or 
Tcjbal) are used as tooth-brushes. The dried leaves of 
Boenninghausenia albijlora (Pissu Mar, Flea-killer) are believed 
to be effective against fleas. 

20. Euphorbiaceae. 

Distinguishing Characters. — Shrubs , trees , and a few herbs 
usually containing latex; leaves usually alternate and stipulate ; 
inflorescence complex , often racemose at first and cymose later , 
of regular hypogynous , unisexual flowers ; perianth of two or , 
more often , one whorl , or none , usually b-merous ; stamens 
1 — cc, /ree or united in various ways; ovary usually (3), 
trilocular with axile placentas and often, bifid styles , and 1 or 2 
ovules in each loculus; fruit usually a schizocarp- capsule with 
albuminous seed. 

This is one of the largest families of the Flowering Plants, 
and is very well represented in India by many common weeds, 
many trees, and the large cactus-like fleshy Euphorbias 
( E . Royleana) of dry places. Though the flowers often have 
no corolla, and thus at first sight look very primitive, it would 
appear probable that they are in reality derived from ancestral 
forms which had rather better developed perianths, and they 
are closely related to the Geraniaceae, the Rutaceae and many 
orders of that group, which are by no means primitive. 

The family shows considerable variety in habit, but in general 
they are mesophytic plants with a tendency towards xero- 
phytism, which is often shown in leathery leaves with thick 
cuticle. The highly xerophytic cactus-like fleshy Euphorbias, 
which are so common in dry rocky places in some parts of 
India, are specially interesting in this connection. Their thick 



340 


CLASSIFICATION OF ANGTOS PERMS : FAMILIES. 


fleshy stems, covered with thick cuticle, prevent evaporation 
of water, which is also retarded by the thick nature of the sap. 
Only a small surface, in comparison with the bulk of the plant, 
is exposed to evaporation. The leaves are small and fleshy, 
and soon after they have emerged from the bud they fall off, 
and are represented simply by a pair of thorns, the stipules 
of the former leaf, the chief feature of 
distinction between these plants and 
V . the cacti which they so closely re- 

ff semble when not in flower. The 

fj thorns in the latter are in little 

h * [j irregular groups, and represent the 

JL €5^2/ j) leaves of the axillary shoot arising 
A C ^ ie P 0 * 1 ^ where they stand. 

The ^ eaves are * n general alternate, 
but sometimes opposite, and in some 

Fig. 230. Diagram op cases both forms of arrangement may 

Cyathium of Euphorbia, be found on the same plant. Stipules 

are usually present, and in the 
fleshy Euphorbias and other forms are represented by stout 
thorns. Nearly all the plants of the family, except the species 
of Phyllanthus and their allies, which are common in India, 
contain latex in special laticiferous cells. In the indiarubber 
trees of the family, which are by far the most important 
sources of indiarubber, though at a former time the Indian 
Ficus elastica (Moraceae) was a great source, this latex when 
dried forms the rubber of commerce. These rubber-yielding 
Euphorbiaceae are not natives of India, though largely 
cultivated there, but come from South America, and include 
Hevea brasiliensis , the Para rubber, Manihot Glaziovii , the 
Ceara rubber, and others. The latex runs out from incisions 


Fig. 230. Diagram of 
Cyathium of Euphorbia. 


made in the stem, and is nowadays usually made to coagulate 
by the addition of acid and in other ways, instead of being 
simply allowed to dry. 

The inflorescence is often rather complex, and is usually 
cymose, though the first branching is frequently racemose. 
In Euphorbia itself it is condensed in such a way as to give 
the appearance of a single flower to what is in reality a group 
of male flowers surrounding a female (cyathium, p. 268, and 
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Figs. 193, 230), The flowers themselves arc always unisexual, 
but may be mono- or di-oecious. 

The flower (Fig. 231) is regular and hypogynous, and a 
perianth may or may not occur; if present it is usually only 
of one whorl, but two are sometimes found. It is usually 
5-merous. The stamens are 1 — oc, free, or united in different 
ways; in the Castor-oil, for example, there are much branched 
stamens. The ovary is 
generally (3), 3-loeular 
with axile placenta, 
with 3 styles which 
are most commonly 
again branched each 
into two. The ovules 
arc the same through- 
out the family, and 
form one of its best 
distinguishing marks, being 1 or 2 in each loculus, side by side, 
anatropous, pendulous, with the raphe towards the axis, and 
the micropyle usually covered by a caruncle, which is often 
found also on the seed. The fruit (a schizocarp-capsule) 
splits into carpels which at the same time open ventrally; 
the seeds are albuminous. 

Many of the family are of economic importance, especially the rubber- 
yielding Manihots and Hcveas, already mentioned, the Castor-oil, 
Ricinus communis, the Croton-oil, Croton tiglium , and others. 

Among the more important native or cultivated genera in India are 
Phyllanthus, many species of which are common weeds, and which 
possess no latex; the fruit of Phyllanthus emblica is the Amla, which is 
commonly pickled, and also used in medicine; Ricinus communis , the 
Castor-oil (everywhere wild or semi-cultivated, though originally a 
native of Africa), with much branched stamens and an explosive fruit, 
whose seeds contain an oil which is much used as a lubricant and in 
medicine; Hevea brasiliensis, the Para (Amazon) Indiarubber, intro- 
duced from South America to Ceylon and Singapore in 1876*; Manihol 

* This tree was cultivated in the Botanical Gardens in Ceylon and 
Singapore for many years, taken up by planters from 1896 onwards, 
and is now cultivated on an area of at least a million acres in southern 
Asia and in other parts of the tropics. The rubber is obtained by tapping 
the bark; at first this was roughly done with a mallet and chisel, but 
now it is done with a knife; the cutting is usually done by making a 




Fig. 231. Male and Female Flowers of 
Eu phorbiaccae. 
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Glaziovii , the Ceara rubber of Brazil, which is a tree that sooner comes 
to a producing stage, but does not yield so much rubber as Iletwa , and 
is but little cultivated; Manihot. utilissima , the Bitter, and il/. Aipi, 
the Sweet, Cassava or Manioea, both of which have large tuberous roots 
containing much starchf ; Codiaeum variegatum , the Croton of gardens, 
familiar everywhere for its vanegated leaves, often of very peculiar 
shapes, with portions of naked petiole separating the different parts of 
the leaf; Euphorbia itself, of which then; are many species in India 
including many small herbaceous plants, but also including the great 
cactus-like species, e.g. E. Royleana. and others, which are so often 
to be seen on rocks and in other dry places, and which have thick fleshy 
angled stems. 

E. tiruealli , the Milk Hedge, is another very familiar species, intro- 
duced from tropical Africa, but now everywhere common, with its 
cylindrical stems adapting it to resist drought. Croton liglium is some- 
times cultivated for the oil which its seeds contain, and which is a 
purgative of extraordinary efficacy. Buxvs semper virens, the Box, 
occurs in North-Western India. 


21. Anacardiaceae. 

Distinguishing Characters. — Trees and shrubs with 
alternate exstipulate leaves and flowers in 'panicles , usually 
5 -merous, but with stamens less than 10, and carpels usually 
3, free, superior ; fruit various. 

vertical cut to a height of 5 or 6 feet and lateral sloping cuts leading out 
of it, and the further tapping is done by shaving a very thin portion off 
the lower side of these lateral cuts. A remarkable phenomenon is 
exhibited in this species, although not in the other members of this 
family that have been tapped for rubber: when a tree is first tapped it 
yields a small flow of latex, while at the second tapping, if performed 
within ten days, a much larger amount flows, and this may increase 
again at succeeding tappings, until a steady flow is reached, which will 
then continue almost unaltered for a long period; this reaction is 
termed the wound-response. The milk collected is coagulated usually 
by means of acetic acid, pressed, and dried. The amount of rubber 
obtained from this tree is very considerable, an average tree seven years 
old yielding about two to two-and-a-half or more pounds a year, while 
from one of the original Amazon trees grown at Henaratgoda in Ceylon, 
and now 36 years old, no less than 240 lb. of dry rubber has been taken 
in three years. 

t These form valuable foods; the former, however, contains prussic 
acid when fresh, and in consequence is dangerous to eat until the acid 
has been driven off by boiling or roasting; the starch in these roots is 
made into tapioca in some countries, by being carefully washed, and 
then gently heated while still in a wet condition 
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This is an important family, mainly tropical, composed of 
trees and shrubs with alternate exstipulate leaves, which are 
not gland-dotted, so that, though very close to it in many 
ways, the order cannot be confused with Rutaceae. 

The flowers are arranged in panicles, and are usually $ . 
The sepals and petals are 5 each, separate, the stamens typically 
10. but usually with one or more missing; the carpels are 
commonly three, very seldom united. Quite often onh r one 
of the three carpels is fertile, and sometimes only one occurs 
at all. The ovule is single, anatropous. 

The fruit is various, that of the Mango being a drupe, 
that of the Cashew-nut a nut perched upon a swollen fleshy 
receptacle, and other types occur. 

Among the thief members of this family occurring in India are the 
Mango, M ang if era indica . the Cashew-nut (Kaju), Anacardiuni occiden- 
tal an American species introduced at an early date, Spondias dulcis 
and other species of Hog-plum, and many species of Semccarpus, some 
of which yield a useful black resin. The seed of 8. anacardiuni is the 
Bhilawa, the juice of which is used in marking cotton clothes. PisUzcia 
vera yields Pistachio Nuts (Pista). 


22. Sapindaceae. 

Distinguishing Characters. — Trees , shrubs, or climbers , 
with alternate usually compound leaves, and cymes of flowers; 
calyx and corolla usually 5; stamens usually 10 with disc 
below; carpels 3, ovary trilocular , superior ; fruit various. 

Most of this large tropical family consists of trees and 
shrubs, but Cardiospermum , which is very common, is her- 
baceous, and there are a few r climbers, which mostly have the 
peculiar hooks elsewhere (p. 85) mentioned, composed of 
modified inflorescence axes, which thicken after clasping. The 
leaves are alternate, and have stipules in the case of the 
climbing species; they are generally compound pinnate, and 
sometimes have a terminal leaflet, sometimes have the end 
leaflet of an equally pinnate leaf bent round to serve as a 
terminal leaflet. 

The inflorescence is cymose, and the flowers, though they 
generally look as if hermaphrodite, are really unisexual, for 
the anthers are often well developed in the female flower, 
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though containing no good pollen. The flowers are regular 
or zygomorphic ; the sepals and petals are 5 or 4, the 
former sometimes, but rarely, united. The stamens are 
usually twice as many, but often two arc absent, and 
sometimes they are only 5 or 4, or may even be oo. The 
ovary is superior, usually of three carpels, triioeular, with a 
terminal style, and one ovule in each loculus. The fruit is 
perhaps most often dry — a capsule or nut — but berries and 
drupes are not uncommon. Often the nut has wings and 
becomes a samara. 

Several Sapindaeeae of Indo-Malaya give useful fruit, especially 
Ne.jphe.lium la/ppaceum , the Rambutan, and N. lougaua , the Longan. 
The Litchi of China, Litchi chinensis (Lichi), is often cultivated in India. 
The edible part of the fruit in these three species is the fleshy arillus, 
which is enormously enlarged and completely surrounds the seed. 
Many Sapindaeeae yield valuable timber. The fruit of tiapindus 
Mukorossi and IS. laurifolius is the Rittha or Soap-nut the pericarp of 
which is widely used in India as a useful substitute for soap, especially 
for washing woollen and silken clothes. Dodonaea viscosa (Sanatta, 
Kharata) grows wild over large areas of dry uncultivated land in North- 
West and Central India, as well as in the Deccan, and isalsofrequently 
planted in hedges. The leaves are covered with a viscid resinous 
secretion, and the fruit is three-winged. 

23. Balsaminaceae. 

Distinguishing Characters. — Herbs with alternate leaves 
and $ zygomorphic flowers ; calyx 5, the posterior one sparred , 
the two anterior small or absent; corolla 5, the laterals united 
in pairs ; stamens 5, with coherent anthers; ovary superior , 
5 -locular, with oo ovules ; fruit an explosive capsule. 

This family practically consists of the one large genus 
Impatiens , the Balsam, which is one of the characteristic 
genera of the Indian flora, occurring in all the hilly regions 
in great profusion, and each group of hills being principally 
occupied by species confined to that group, or endemic to it. 
They are herbs with watery translucent stems, alternate 
exstipulate leaves, and 5 zygomorphic flowers. The calyx 
consists of five sepals, which are petaloid, and usually very 
irregular, the posterior one being prolonged into a large spur, 
the two anterior ones often small or even absent; the corolla 
is of 5 petals, those at the sides being united in pairs. 



BALSAM INACEAE ; MALVACEAE. 


345 


The stamens are 5 in number, and their anthers are united 
so as to form a kind of cap over the ovary, and, as the latter 
grows, the stamens break at the base and the whole cap falls 
off. The ovary is of 5 carpels, with 5 loculi and oo ovules, 
ripening to a capsule. This capsule is explosive; it is turgid 
when ripe in such a way that each of the segments into which 
it ultimately breaks is trying to roll up inwards, and when it 
finally snaps each one does so with a jerk, throwing out the 
seeds. 

24. Malvaceae. 

Distinguishing Characters. — Herbs , shrubs , and trees; 
leaves alternate , stipulate; flowers solitary or in cymes, $, 
regular , hypogynons , usually £ y-merous , and often with an 
epicalyx; calyx valvate , free or united , corolla convolute; 
stamens usually oc owing to branching , united into a tube; 
ovary (1 — oc), most often (5), multilocular , with 1 — oo ovules 
in each loculus on axile placentae ; fruit usually a capsule or 
schizocarp. 

This family is everywhere represented by the Shoe-flower 
(Hibiscus rosa-sinensis) in gardens, and by the cotton ( Gossy- 
pium arboreum , herbaceum , etc.) in fields, as well as by many 
common weeds, etc. They are herbs, shrubs, or trees, the 
leaves alternate and stipulate, the flowers either solitary or in 
compound cymes. 

The flower (Fig. 232) is 9 , regular, hypogynous, 5-merous. 
Below the calyx there is very often an epicalyx present, which 
has sometimes been looked upon as of stipular nature, but as 
its numbers very often do not correspond with those of the 
calyx, it is perhaps more probably of bracteole nature. The 
calyx is 5 or (5), valvate, the corolla 5, convolute, with the 
petals usually asymmetrical; the stamens are generally 
indefinite, the inner whorl being branched, and are united 
below into a tube which is joined at the base to the petals, 
making the flower seem almost sympetalous; the anthers 
are monothecous, containing only two cavities instead of 
four; the ovary is of (1 — oc) carpels, most often (5), multi- 
locular with axile placentae, the carpels being sometimes 
divided by transverse walls. The ovules are 1 — oo in each 
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carpel, anatropous, usually ascending; the fruit (Fig. 233) is 
generally dry, a capsule or a schizocarp (carcerulus), with one 



Fig. 232. Vertical Section of Flower of Species of Hibiscus. 

or many seeds, each containing an embryo which is curved 
in the endosperm. 

The flower is in general protandrous; when it opens the 
stamens are spread out and open, afterwards shrivelling and 
exposing the now ripe stigmas. 

Most of the familiar plants of this family 
in India are garden plants, such as Hibiscus 
rosa-smensis, the Shoe-flower, so called from 
the use of tho petals in polishing shoes; 
they are also used in colouring stewed man- 
goes and other fruits, and for other purposes. 
This plant is very variable, and also lends 
itself readily to hybridisation with H. schizo - 
petulus and other species, and a large 
Fig. 233. Carcerulus number of cultivated forms are known. 
of Malvaceae. Several other species of Hibiscus are also 

in cultivation, such as H. Sabdariffa, the 
Rozelle, whose calyx becomes fleshy round 
the fruit, with a pleasant acid taste, which causes it to be largely used for 
jellies and other purposes; H. esculentus , whose half ripe fruits, Bhindi 
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(Lady’s Finger) are very slimy when cooked and are largely used as 
vegetables and in soups; II. tiliaceus, common on the sea e-oast, whose 
bark yields a very strong fibre; II. cavvabinvs, often cultivated for the 
sake of the fibre of the bark, etc. Many A bullions are also cultivated, 
as well as Althaea rosea, the Hollyhock (Gulkhaira), Tliespesia populnea, 
the Tulip-tree of the English, and others, while there are many species 
of fiida, (Irena, and other genera among the commonest weeds; many 
of these yield good fibre. Several of the family are important in cultiva- 
tion, more especially the Cotton {Oossypinm), of which several species 
are cultivated in India, G. herbaceum. being generally regarded as the 
most common, whilst G. arboreuw , the Tree Cotton, is everywhere grown 
in small numbers. Eriodendron anfractvosmn,* a small tree with 
horizontally spreading branches, is the »Silk-cotton or Kapok; the silky 
cotton is not, as in Gossypium, an outgrowth of the testa, but of the 
inner wall of the capsule, becoming separated from this when ripe; it 
is largely used for stuffing pillows. 

The similar cotton of Botnbax mala bar icum , the Cotton tree is 
sometimes used, but rarely, being so high above the ground that it is 
difficult to reach. This tree is a very striking feature in any landsc-apo 
where it occurs, in the months of December, when it loses its foliage, 
and January, when it bursts into a blaze of scarlet flowers upon the 
naked branches. The ripe seeds, surrounded by the cotton, fall, some- 
times almost like a shower of snow, in April, when the young loaves are 
coming out . Adansonia digitata , the Baobab, is another tree of this 
family that, is to be found in a few' localities, where it is supposed to have 
been introduced from Africa by the west coast Mohammedans; it has a 
short but very thick swollen stem, sometimes reaching as much as 
20 feet in thickness and more or less egg-shaped, in which it stores up 
enough water to last over the w r orst droughts. The seeds are about HO 
in a pouch-like fruit, which is often known as Judas 1 bag; it is woody, 
and contains a pulp in which the seeds are embedded. 

25. Dilleniaceae. 

Distinguishing Characters. — Trees and shrubs , often 
climbing ; leaves alternate , usually leathery ; flowers 5 , in 
cymes , hypogynous ; calyx 5, sometimes 3, 4, or oc, spirally 
arranged , persistent on the fruit ; corolla usually 5 ; stamens 
oo, hypogynous , free or united below; carpels oo — 1, free or 
more or less united , with oo — 1 ovules; fruit of follicles, or 
fleshy ; seed with a funicular aril, and endosperm. 

This is a small tropical family, mostly represented in the 
scrub vegetation of northern Australia, but with a few common 

* This and Bombax and Adansonia are usually placed in a separate 
family, Bombacacoao. 
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plants in India. Most are trees and shrubs, sometimes 
climbing, with alternate, usually leathery leaves, and cymes 
of flowers. 

The flowers are $ > with spirally arranged persistent calyx, 
most often of 5, but also of 3, 4, or oo sepals; the corolla is 
usually 5, the stamens oo, hypogynous, free or united at the 
base, the carpels oo — 1, free or more or less united, the styles 
usually free. The ovules are oc — 1, erect, anatropous, with 
ventral raphe. The seed has a funicular aril attached to the 
testa, and the embryo is small and usually embedded in 
copious endosperm. 

Dillenia indica is perhaps the commonest species; it is a 
tree with large white flowers, which are succeeded by large 
apple-like fruits (Chalta). The fruit is capsular and enclosed 
in the greatly enlarged and succulent sepals, which are edible. 
When cut, the fruit gives a lather with water, and is used in 
washing, especially for the hair. Some of the Acrotremas, to 
be found in the south, are pretty little herbaceous plants, and 
there are a few other species. 

26. Dipterocarpaceae. 

Distinguishing Characters. — Trees with entire stipulate 
leaves , and racemose inflorescences of $ regular hypogynous 
flowers ; calyx and corolla 5; stamens 5, 10, 15, or more; ovary 
trilocular ; fruit a nut , with persistent calyx , some of whose leaves 
grow out into wings. 

This is one of the characteristic families of India, but needs 
only a brief mention, as the trees are very tall, and flower 
rarely, so that it is very difficult to obtain material for study. 
The leaves are stipulate and entire, and the flowers in racemose 
inflorescences, with the formula K5, C5, A5, 10, 15, or more, 
G (3), 3-locular, with two ovules in each. The fruit is generally 
a one-seeded nut, surrounded by the persistent calyx, some of 
the sepals of which, usually two (whence the name of the 
order), grow out into wings. The trees are common in the 
forests of India, and many of them yield valuable timber, 
especially Shorea robusta, the Sal, and species of Dipterocarpus ; 
many also furnish useful resins or gum-resins. 
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[27. Caricaceae. — This family is not indigenous to India, but 
is everywhere represented by the cultivated papaws, which 
were placed in Passifloraceae in the older classifications. They 
are natives of South America and the West Indies, but were 
early introduced to the East by the Portuguese. They have 
a very characteristic habit, with tall erect stem crowned by a 
tuft of leaves, something like a palm. The leaves and the 
unripe fruit contain the protein ferment papain, and if meat 
be buried with the leaves wrapped round it, or still better 
rubbed with the juice of the unripe fruit, a partial digestion 
will take place, rendering the meat more tender. The flowers 
are unisexual, hypogynous, regular. K5, C(5), A5 + 5, G5 
with one or five loculi and oc anatropous ovules. The fruit 
is a large fleshy berry, resembling a melon, and in most species, 
especially Carica papaya, the common Papaw (Papayd), is 
edible and much appreciated.] 

28. Cactaceae. 

Distinguishing Characters. — Fleshy plants with usually 
tufts of thorns and no leaves ; flowers usually solitary and 5 ; 
perianth oo, with gradual transition from sepals to petals ; 
stamens oo; ovary inferior , unilocular, with oo ovules on 
parietal plmentae; fruit a berry. 

This family is represented only in Ceylon, in a truly native 
condition, by the epiphytic Rhipsalis cassytha; but certain 
Opuntias or prickly pears are everywhere common in the East, 
especially in dry places and on the sea beach. The family 
shows on the whole the most pronounced xerophytism to be 
found, for not only is the surface exposed to the air greatly 
reduced, and the cuticle thick, but also a large amount of water 
is stored up in the fleshy tissues. 

In the Opuntias the stems are flattened, and each successive 
joint grows out as a branch on the one which preceded it. The 
surface is generally covered with little groups of spines, 
arranged according to a definite phyllotaxy; these are in 
reality the leaves of the axillary shoot due to appear at this 
point. The leaves of Opuntia appear early, and are small, 
whilst they only function for a very short time in most species, 
and drop off, leaving the fleshy green stem to do most of the 



350 CLASSIFICATION OF AN (OOSPERMS : FAMILIES. 

work of assimilation for the plant. In many of the Cacti, 
the stem is angular, and looks exactly like that of one of the 
large fleshy Euphorbias that are so common in India, but the 
cactus stem bears its thorns in little groups, the Euphorbia 
in pairs. 

The flowers are usually solitary, $ * regular or irregular, 
and generally large and brightly coloured. The floral organs 
are most commonly all oo, the sepals showing a gradual 
transition into petals; the ovary is unilocular with oo ovules 
on parietal placentae, and a simple style; the fruit is a berry, 
with the flesh formed by the growth of the stalks of the ovules. 

It is often edible, though care must be taken 
to avoid the thorns. 

29. Myrtaceae. 

Disttng ulshing Char act ers. — Trees an d 
shrubs with oil glands in the leaves , which 
are usually opposite , exstipulate, entire; 
flowers regular, in cymes, epigynous ; 
calyx 4-5, often united, sometimes thrown off 
as a lid ; corolla 4-5, sometimes thrown off 
also ; stamens oo usually bent down inwards 
in bud ; ovary inferior, with oo — 1 loculi and 
axile placentas, each with 2 — oo ovules, and 
simple style and stigma ; fruit a berry, drupe, 
capsule, or nut ; seed exalbuminous. 

This is a large family, well represented in 
the tropics, especially among the cultivated 
plants, which include the Jambulams, 
Guavas, Eucalypti, etc. They are trees and 
shrubs, sometimes climbing, and have usually 
oil glands in the leaves which may be recog- 
nised by holding them up to the light, when the glands 
show as little clear spots. The leaves are generally opposite, 
exstipulate, evergreen and entire. There is often a so-called 
infra-marginal vein. 

The flowers are usually in cymes, regular, $ , the receptacle 
hollow and united to the ovary, the flower being in consequence 
epigynous. The calyx is (4-5) or 4-5, and is sometimes thrown 
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off as a cap on the opening of the flower, instead of opening 
in the ordinary way; the corolla is also 4-5, the petals often 
nearly circular, and sometimes thrown off bodily as a cap on 
opening; the stamens arc oc, free, usually bent inwards in 
the bud; the ovary is syncarpous and inferior, with oc — 1 
loculi, with 2 — oo anatropous or campylotropous ovules in 
each, the style and stigma simple, the placenta usually axilc. 
The fruit is a berry, drupe, nut or capsule, containing exalbu- 
minous seeds. 

Amonp! the native or cultivated forma in India are the various 
Jambularns, some native, some of Malayan origin, all species of Eugenia , 
with fleshy fruits, which are edible, though not specially attractive. 
Among them are E . mal accent! is , the Malay Apple, E. Jambos, the Jambu 
or Rose-apple, the South American E. Michelii , the Brazil Cherry, and 
many others. Eugenia mryophyllata , a Malayan species, furnishes the 
cloves of commerce (Lavang), which are the dried flower buds (Fig. 
234). The genus Eugenia is very characteristic of the flora of the hills 
of southern India and Ceylon, occurring in each group of hills in very 
many species, the Ceylon mountains for example possessing 43, of which 
39 are endemic, or confined solely to that group of hills. 

Bhodomyrtus tomeaiiosa , the Hill Guava, or Hill Gooseberry, is another 
very common plant along the edges of patches of forest in the hills. 
The various Gua vas proper are species of Psidium , mainly introduced 
from tropical America by the Portuguese; the commonest, now a 
troublesome weed on much waste ground, is P . gwiyava , the Guava par 
excellence, which makes an excellent jelly. Various species of Barring - 
toniu arc common along the coasts, where they form small trees. Among 
the best known plants of this family, to those who visit the hills, are the 
various species of Eucalyptus which are so much planted there, but 
which are really natives of Australia, where they form a very charac- 
teristic feature in the landscape. The best known of them is perhaps 
E. globulus , the Bluo Gum, which in the younger parts has bluish- 
coloured opposite leaves on square branches, while in the older parts 
it has greenish alternate leaves on round branches. 

Cultivated species are E. leucoxylon , the Ironbark, E. robustu , the 
Swamp Mahogany, E. margiimta , the Jarrah (which yields the very 
resistent timber now so much employed in paving the streets of London), 
and others. Many of the gum trees, as the Eucalypti are commonly 
called, yield a valuable timber, others give kino (see undetLeguminosae), 
and several yield the well-known Eucalyptus oil by distillation of the 
leaves. 

30. Umbelliferae. 

Distinguishing Characters.— Flowers polypctalous , epigy- 
nous, pentamerous ; 5 sta mens ; structure of ovary and fruit. 
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This is a very large and important family, easily recognised 
by the general habit of the plants and their fruits. The 
plants are either herbs or shrubs with hollow (fistular) stems 
and alternate, amplexicaul, exstipulate leaves, which are 
usually much divided. 

The inflorescence is usually a compound umbel (Fig. 190), 
occasionally a simple umbel. These umbels are sometimes 
cyrnose in character, and a terminal flower may occur as in 
the Carrot (Damns car of a). The flowers (Fig. 172), are 
usually hermaphrodite and regular; but unisexual flowers 
sometimes are found, and frequently the outer flowers of the 
umbel are irregular and zygomorphic. 

The calyx is small, consisting of five minute sepals, or absent. 
The corolla is polypetalous; the live petals are usually white 
or yellow, and often have reflexed tips. The stamens are live 
in number and epigynous. The gynaeceum (Fig. 172) is 
bicarpellary, syncarpous; on top of the ovary is a honey disc 
surrounding the two stigmas; the ovary is bilocular with one 
suspended ovule in each loculus. The fruit is a cremocarp 
(Fig. 205). Each rnericarp is usually marked by five longi- 
tudinal ridges (costae) containing vascular bundles; between 
the ridges are furrows (valleculae) under which there are oil- 
ducts (vittae). Secondary ridges and vittae are frequently 
present between the primary ones. The seed is albuminous; 
the food-material consists of proteins and oils. 

Pollination. — The flowers are markedly protandrous, and, 
the honey secreted by the epigynous honey-disc being easily 
accessible, are visited by many short-tongued insects, especially 
flies and beetles. 

Floral formula: K5 or 0 C5 A5 0(2). 

The family itself is easily recognised; but, in order to distinguish with 
accuracy the numerous genera, careful examination of the ripe fruits 
is often necessary. 

In India this family is best known because of the cultivated plants 
which are commonly used all over India to flavour dishes : Foeniculum 
vulgar e (Saunf), Fennel; Ooriaudrum sativum (Dhania), Coriander; 
Cuminum cyminum (Zir&), Cumin seeds. Daucus carola is the Carrot 
(G&jar). 

The wild Umbelliferae are mostly found in the hills, and include 
species of Bupleurum, with undivided, ovate, lanceolate or linear leaves, 
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Ilerarleum , Selinum , Chacrophyllum, etc. A few occur at alpine 
altitudes, and possess a strong smell which is said to promote mountain- 
sickness. 


B. Sympetalae. Perianth in two whorls; corolla, with 
few exceptions, gamopetalous; stamens twice as many as the 
petals, or as many, or reduced to 4 or 2, epipetalous except in 
Ericaceae and Campanulaceae. 

31. Ericaceae. 

Distinguishing Characters. — Flowers gamopetalous, hypo- 
gynous , epigynous in Vaccinium ; pentamerous or tetramerous ; 
stamens usually twice as many as the sepals and petals, and not 
epipetalous ; anthers often with appendages and opening by 
apical pores; pollen in tetrads; 
placentation axile. Shrubby plants 
growing usually on moors and hills . 

In northern Europe the Ericaceae 
form a dominant family upon the 
heaths and moors which abound 
there; in India this is not the case, 
except to some extent in the Hima- 
laya, where the Rhododendrons form 
a very striking feature in the flora 
of some districts at high elevations. 

Owing to the situations in which 
they grow, these plants usually show 
more or less marked xerophytism. 

The Rhododendrons generally form 
true winter buds, which arc rare in tropical plants. The 
leaves are usually entire, leathery, with a thick cuticle. 

The inflorescence is usually racemose with $ , regular or 
slightly irregular flowers, which have a calyx of 4-5 sepals, a 
corolla of 4-5 united petals, 8-10 stamens , of which the outer 
whorl is opposite to the petals, and not as usual alternating 
with them; this condition is termed obdiplostemony, and occurs 
in a number of orders. All these organs are hypogynous, and 
the ovary is superior, of (4-5) carpels. But in the sub-order 
I. bot. 23 
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Fig. 235. Floral Dia- 
gram of Rhododendron. 
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This is a very largo and important family, easily recognised 
by the general habit of the plants and their fruits. The 
plants are either herbs or shrubs with hollow (fistular) stems 
and alternate, amplexicaul, cxstipulate leaves, which are 
usually much divided. 

The inflorescence is usually a compound umbel (Fig. 190), 
occasionally a simple umbel. These umbels are sometimes 
cymose in character, and a terminal flower may occur as in 
the Carrot ( Daucus carota). The flowers (Fig. 172), are 
usually hermaphrodite and regular; but unisexual flowers 
sometimes are found, and frequently the outer flowers of the 
umbel are irregular and zygomorphic. 

The calyx is small, consisting of five minute sepals, or absent. 
The corolla is polypetalous ; the five petals are usually white 
or yellow, and often have reflexed tips. The stamens are five 
in number and epigynous. The gynaeceum (Fig. 172) is 
bicarpellary, syncarpous; on top of the ovary is a honey disc 
surrounding the two stigmas; the ovary is bilocular with one 
suspended ovule in each loculus. The fruit is a cremocarp 
(Fig. 205). Each mericarp is usually marked by five longi- 
tudinal ridges (costae) containing vascular bundles; between 
the ridges are furrows (vallecnlae) under which there are oil- 
ducts (vittae). Secondary ridges and vittae are frequently 
present between the primary ones. The seed is albuminous; 
the food-material consists of proteins and oils. 

Pollination. — The flowers are markedly protandrous, and, 
the honey secreted by the epigynous honey-disc being easily 
accessible, are visited by many short-tongued insects, especially 
flies and beetles. 

Floral formula: K5 or 0 C5 A5 G(2). 

The family itself is easily recognised; but, in order to distinguish with 
accuracy the numerous genera, careful examination of the ripe fruits 
is often necessary. 

In India this family is best known because of the cultivated plants 
which are commonly used all over India to flavour dishes : Foeniculum 
vulgare (Saunf), Fennel; Coriandrum sativum (Dhania), Coriander; 
Cuminum cyminum (Zir&), Cumin seeds. Daucus carota is the Carrot 
(G&jar). 

The wild Umbelliferao are mostly found in the hills, and include 
species of Bupleururn , with undivided , ovate, lanceolate or linear leaves, 
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Heraclcum, Selinvm , Ch aerophyllum, etc. A few occur at alpine 
altitudes, and possess a strong smell which is said to promot e mountain- 
sickness. 


B. Sympetalae. Perianth in two whorls; corolla, with 
few exceptions, gamopetalous; stamens twice as many as the 
petals, or as many, or reduced to 4 or 2, epipetalous except in 
Ericaceae and Campanulaceae. 

31. Ericaceae. 

Distinguishing Characters. — Flowers gamopetalous , hypo- 
gynous, epigynous in Vaccinium ; pentamerous or tetramerous ; 
stamens usually twice as many as the sepals and petals, and not 
epipetalous; anthers often with appendages and opening by 
apical pores ; pollen in tetrads; 
place ntation axile. Shrubby plants 
growing usually on moors and hills. 

In northern Europe the Ericaceae 
form a dominant family upon the 
heaths and moors which abound 
there; in India this is not the case, 
except to some extent in the Hima- 
laya, where the Rhododendrons form 
a very striking feature in the flora 
of some districts at high elevations. 

Owing to the situations in which 
they grow, these plants usually show 
more or less marked xerophytism. 

The Rhododendrons generally form 
true winter buds, which are rare in tropical plants. The 
leaves are usually entire, leathery, with a thick cuticle. 

The inflorescence is usually racemose with 3 , regular or 
slightly irregular flowers, which have a calyx of 4-5 sepals, a 
corolla of 4-5 united petals, 8-10 stamens , of which the outer 
whorl is opposite to the petals, and not as usual alternating 
with them ; this condition is termed obdiplostemony , and occurs 
in a number of orders. All these organs are hypogynous, and 
the ovary is superior, of (4-5) carpels. But in the sub-order 
l. bot. 23 
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Fig. 235. Floral Dia- 
gram of Rhododendron. 
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Vaccinioidcae, of which a few members are to be met with 
among the hills, chiefly as epiphytic growths, the ovary is 
inferior, and the other parts epigvnous. The fruit is a capsule, 
drupe, or berry. 

The anthers open by pores, and the last division of the 
pollen mother cells is not complete, so that the four pollen 
grains formed by it do not separate, but remain attached in 
what is termed a tetrad. The pollen is very powdery, and 
pours out of the pore at. the tip of the anther upon the head of 
a visitor. 

Rhododendron, Vaccinium , and Gault her ia are the only 
common members of the family in India. 

32. Myrsinaceae. 

Distinguishing Characters. — Shrubs and trees with alter- 
nate, entire, exstipulate leaves, and flowers in racemes; calyx 
and corolla 5, united ; stamens 5, epipetalous, opposite to petals ; 
ovary unilocular, with basal or free-central placenta; fruit a 
drupe. 

This is a family of moderate size, repr esented in the tropics 
by a great many species of Ardisia and other genera. They 
are mostly shrubs and trees with alternate leaves, which have 
no stipules, and racemes or panicles of flowers, § or unisexual, 
regular, with the formula usually K(5), C(5), A5, but opposite 
to the petals and not alternating with them, G unilocular, with 
simple style and few or many ovules on a basal or a free- 
central placenta, the latter being one which stands up into 
the middle of the ovary. Fruit a drupe. 

Ardisia, Maesa, Embelia are frequent in India, and Aegiceras 
is one of the mangroves. 

33. Apocynaceae, 

Distinguishing Characters. — Twining or erect herbs, 
shrubs, or trees; leaves usually opposite, entire; latex present ; 
flowers § , regular ; calyx 5 united ; corolla 5 united, convolute ; 
stamens 5, epipetalous; carpels (2), superior or 2 united by 
style only ; fruit of two follicles or a berry, seeds often with tuft 
of hairs. 
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This is a fairly large family, chiefly tropical, and well repre- 
sented in India by many common weeds, and by the Oleander 
and the Temple Tree, introduction from abroad. Most of 
them are twining shrubs, but many are erect herbs, shrubs, 
or trees. The leaves are most commonly opposite, simple, 
and entire, and there is always latex in the stem. 

The inflorescence is a panicle, but sometimes has more or 
less of cymose branching; the flowers are regular and $ , with 
the formula K(5), 0(5), A(5), epipetalous, G (2), or very often 
the carpels are free below and united above by the style 
only. The fruit is a berry or, more commonly, a very charac- 
teristic fruit of two follicles, the seeds in which are often flat, 
and have a tuft of long fine hair at one end which serves to 
distribute them to a distance. 

The most familiar members of this family in India are probably the 
Oleander ( Nerium Oleander, Kaner) and the Temple Tree ( Plumeria 
acuti folia), both of which are introductions, the former from Persia, the 
latter perhaps from tropical America. There are many common plants 
of this family in India, but none of great interest or importance. 

34. Convolvulaceae 

Distinguishing Characters. — Herbs or shrubs , often climb- 
ing , sometimes parasitic , with alternate , seldom stipulate leaves; 
inflorescence of $ regular hypogy nous flowers in cymes; calyx 
usually 5, corolla (5); stamens 5, alternate with the petals , 
epipetalous; ovary on a disc , usually (2), bilocular with axile 
placentae and usually two ovules hi each loculus ; fruit a berry, 
nut , or capsule , with albuminous seeds. 

This family is well represented in India by many species of 
Ipomoea, which are often cultivated for ornamental purposes. 
Many of the family, e.g. most of the Ipomoeas, are climbers 
with twining stems, others are erect herbs or shrubs, some are 
thorny zerophytes, and one, Guscuta , is a twining parasite 
(p. 211). Some, e.g. the Sweet Potato ( Ipomoea batatas, 
Shakarkand), have tuberous roots, and many of them have 
latex. The leaves are alternate, usually stalked, exstipulate, 
and the inflorescence is cymose. 

The flowers are $ , regular, hypogynous, and 5-merous. 
The calyx is 5, imbricate, with the odd sepal posterior, the 
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corolla (5), infundibuliform, the petals often so completely 
united that there are no free ends to the petals, the stamens 
5, epipetalous and introrse, the ovary (2). on a honey-secreting 
disc, with axile placenta, and 2 or rarely 4 ovules in each 
loculus erect, and anatropous. The fruit is a berry, nut, or 
capsule with albuminous seeds. 

The best known genus is Ipomnea, of which there arc very many 
species with elegant trumpet-shaped flowers. One of the most interest- 
ing is /. biloba , which forms a characteristic feature of the flora of the 
sandy beaches of the eastern tropics; it has long creeping stems, which 
root at the nodes, somewhat fleshy xerophytie leaves, and handsome 
purple flowers. Another well-known one is /. bona-nnx , the Moon- 
flower, which opens in the evening and fades the next morning, and there 
are many cultivated and wild 1 pom ocas. Among the former is /. 
batatas , the Sweet Potato, introduced from tropical America, with 
tuberous swollen roots. The little blue-flowered EvoJvulux is common 
in waste places. Cuscuta , the Dodder, is common in some parts of 
India in several species, which have been elsewhere described. Con- 
volvulus arvensis is a common weed all over India. 

^^5. Labiatae. 

Distinguishing Characters. — Flowers gamopetalous , hypo- 
gynous, zygornorphic ; stamens didynamous and epipetalous; 
fruit a carcerulus. The square stems , opposite decussate leaves , 
inflorescence , and bilabiate ringent corolla are characteristic. 

This is an important family, consisting of herbs or under- 
shrubs with square stems and opposite decussate, simple, 
exstipulate leaves. Most of them are land-plants; a few are 
marsh-plants. Suckers are found in many forms (Fig. 52). 
In most of them there are numerous epidermal glands (glan- 
dular hairs) secreting volatile oil. Well-known examples are 
the Dead-nettles (Lamium), Thyme (Thymus), Lavender 
(Lavandula), Mint (Mentha), Ground Ivy (Nepeta). 

The characteristic inflorescence is the verticillaster (Fig. 191, 
p. 268). The flowers (Figs. 236, 237) are hermaphrodite, 
zygornorphic, and pentamerous, with suppression of certain 
parts. The calyx is gamosepalous, tubular, funnel-shaped, or 
bilabiate, persistent. The corolla is zygornorphic, bilabiate 
ringent; sometimes, as in Mint, it is almost regular. The 
stamens, ow T ing to the suppression of a fifth (the posterior one), 
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are four in number, epipetalous and didynamous; occasionally 
there are only two stamens. 



Fig. 236. Vertical Section of Flower of White Dead-nettle. 

The gynaeceum is bicarpellary and syncarpous. Early in 
its development a median constriction appears in the ovary 
and produces two false septa. The style 
is gynobasic , i.e. it arises from the base 
and comes up from between the four parts 
of the ovary; this is not the case, how- 
ever, in the Bugle (Ajuga) and Wood 
Sage ( Teucrium ). There is a bifid stigma. 

The ovary is quadrilocular (two true and 
two false septa) with one erect anatropous 
ovule in each loculus. The placentation 
is axile. The fruit is a carcerulus (p. Fig. 237. Floral 
293). The seed is exalbuminous. Diagram of 

In some species, e.g . Thyme, Ground abiaiae. 

Ivy, and Self-heal, female flowers occur, usually on different 
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plants from those; witli the ordinary hermaphrodite flowers. 
This is known as gynodioecism. It promotes cross-pollina- 
tion. 

Pollination. — There is a honey disc at the base of the ovary, 
best developed on the anterior side (Fig. 236). Usually the 
flowers are protandrous. In many cases, after the anthers 
have opened, the stamens move outwards or downwards, and 
the style moves into their place. When the flowers are homo- 
gamous, as in the Dead-nettle, the style projects below the 
anthers so as to be touched first by the visiting insect. Self- 
pollination, however, may take place. 

In the short-tubed flowers of Mint and Thyme, with more 
or less regular corolla and spreading stamens, all sorts of 
insects crawl over the flowers and touch the anthers and 
stigmas with any part of their bodies. Most Labiates, how- 
ever, have a conspicuous lower corolla-lip to attract insects 
and to act as a landing place, and usually an arched upper lip 
to shelter the stamens and style, which are generally placed so 
as to touch the insect’s back as it enters the flower. Small 
insects may be excluded, as in the White Dead-nettle, by the 
narrowing of the lower part of the corolla-tube and the develop- 
ment of a ring of hairs. The mechanism in Salvia is described 
on p. 278. 

This family is represented in the Temperate Himalaya by a very large 
number of species belonging to the genera Mentha , Salvia, Plectranthus , 
Larnium, and many others, some of which are also found in the plains. *. 
The two best known Indian Labiatae are Mentha (Pudlna), Mint, and 
Ocimum sanctum (Tulsi). 

36. Solanaceae. 

Distinguishing Characters. — Flowers gamopetalous , hypo - 
gynous , regular and pentamerous ; stamens 5, epipetalous , some- 
times syngenesious ; pistil bicarpellary , syncarpous; fruit a 
capsule or berry . 

This family is well represented in tropical countries, but 
only a few genera are found in Europe. It consists of herbs, 
shrubs, and trees, with simple, more or less divided, exstipu- 
late leaves, which are alternate in the vegetative region, but 
sometimes appear in pairs in the region of inflorescence. 



SOLANAOEAE. 


359 


Very often, in the region of inflorescence, adnation of the 
bracts to the axillary branches occurs, so that at any one node 
the two leaves that occur arc seldom either opposite or equal. 

The inflorescence is usually a cyme. The flowers (Figs. 
238, 239) are regular, or nearly regular, pentamerous, and 
hermaphrodite. 



Fig. 238 . Vertical Section of Flower of Rolanum. 

The calyx is gamosepalous, five-cleft, and persistent; in 
the Cape Gooseberry (Phy sails), for example, it forms the 
bladder-like investment to the fruit. The corolla is usually 
rotate or campanulate. The stamens are five in number, 
epipetalous, and alternate with the lobes of the corolla. 
The anthers are sometimes connate (syngenesious, e.g. 
Solanum ), and dehisce either by longitudinal slits or by 
pores {Solanum). 

The gynaeceum is bicarpellary and syncarpous; the ovary 
usually bilocular, but it sometimes becomes multilocular 
owing to the formation of false septa {Datura). The two 
carpels are placed obliquely in the flower and not in the 
median plane (Fig. 239). The placentas are axilc, usually 
large and swollen, and bear numerous ovules. The style is 
single; the stigma simple or bilobed. 

The fruit is a capsule {Datura) or berry {Solanum). The 
seed is albuminous. The flowers are entomophilous. Nico- 
tiana is pollinated in the evening by moths. 

The Solanaceae are closely allied to the Scrophulariaceae. 
They are distinguished from the latter by their regular or 
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nearly regular flowers, and by the oblique position of the 
carpels (a character, however, not easily recognised). 

Floral formula: K(5) C(5)~A5 G(2). 

India contains many species of Solatium 
(including 8. tuberosum , tho Potato) and 
Datura (including the introduced Trumpet 
Flower, D. suaveohns). Chillies and bird- 
pepper (species of Capsicum ). the Tomato 
( Lycopcrsicum esculentum), and others are 
largely cultivated. 8olanum nigrum is the 
Black Nightshade, found throughout India; 
Hyoscyamus niger, the Henbane, and Atropa 
belladonna, the Deadly Nightshade or Bella- 
donna, both grow in the N.W. Himalaya. 

Fig. 239 . Floral Dia- 
gram or Solanum. 37. Scrophulanaceae. 

Distinguishing Characters. — Chiefly herbs , often climbing; 
leaves alternate or opposite, exstipulate ; inflorescence racemose 
or cymose, of $ hypogynous zygomorphic flowers (nearly regular 
in Verbascum , etc.) ; calyx (5), corolla (5), often strongly two- 
lipped; stamens epipetalous, 4, didynamous, or 2, rarely 5; 
ovary superior, of (2) carpels , with oc ovules on ax He placenta , 
and simple or bilobed style ; fruit a capsule or berry with albu- 
minous seeds. 

This is a large family better represented in the hills than in 
the plains, though Snapdragons and other members of it arc 
often cultivated in the cold weather. Most are herbs or 
undershrubs, with alternate, opposite, or whorled exstipulate 
leaves. Some are climbers, e.g. Maurandia , a Mexican plant 
which has naturalised itself in some districts. Some are 
partial parasites, e.g. Striga , which grows on the roots of the 
cultivated Sorghums. The inflorescence is a spike or raceme, 
or a cyme, which may be of complex construction. 

The flower (Figs. 240, 241) is and zygomorphic, except 
in the introduced Verbascums and Veronicas, in which it is 
almost regular, especially in the former. Most of the family 
show the type, which is well exhibited in the Snapdragons or 
in the Torenias, which are common in many districts. The 
calyx is (5), the corolla (5), two-lipped, the stamens 4, two 
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longer than the other two (didynamous), the posterior or 
missing stamen sometimes represented by a staminode, the 
ovary (2), bilocular with axile placenta, oc anatropous ovules, 
and a simple or bilobcd style. The fruit is a caj>sule or berry, 
surrounded by the persistent calyx, with oc small albuminous 
seeds. 



Fig. 240. L, Section or Flower of Digitalis. 


In Verbascum, which is naturalised in the hills in some 
districts, the corolla is regular and there are 5 stamens; in 
Veronica, also naturalised in places, and native in the far 
north, the calyx and corolla are each 4, the posterior petals 
being united, the stamens 2, and the corolla rotate and nearly 
regular. 

There are several types of adaptation to the visits of insects 
which may cause pollination. In the Verbascums and Veroni- 
cas the flower stands widely open and is visited by almost 
any sort of insect; in the Torenias, Snapdragons and flowers 
of that construction, there is honey secreted by a disc below 
the ovary, and the flower is visited chiefly by bees, which touch 
the essential organs, these being against the back of the 
corolla, with their backs; as the stigma usually projects 
beyond the stamens this means as a rule that cross-fertilisation 
will occur. 
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In the Strigas and similar flowers, lastly, there is what is 
often termed a “ loose-pollen ” mechanism, the pollen being 
loose and powdery, and lying in a box formed by the 
anthers, which have spine-like projec- 
tions that may be jostled by an 
insect entering the flower, and cause 
him to receive a shower of pollen upon 
his head, while the stigmas project be- 
yond the stamens, and get touched 
before them. In many Scrophulariaceae 
( Mimulus , Torenia) the two lobes of the 
stigma come together if touched on 
the receptive surface. 

Many of the family arc officinal (e.g. Digi- 
talis), and many arc garden favourites. The 
most interesting and common of the native 
members of the family are Striga , which is 
parasitic upon the roots of Sorghums, and 
Torenia , which is a very popular garden plant. 
Among the species introduced to India are Verbascum tluipsus, the Mullein 
of Europe, Calceolaria chdidon ioides, a Mexican plant, with the lower lip 
of the flower expanded into a large yellow bag. Antirrhinum majus , the 
Snapdragon, and others. Numerous species of Pedicularis are quite 
common in the Himalayas. Celsia coromandeliana , with an almost 
regular corolla, grows in the plains and the lower hills of India. 



GRAM OF TYPICAL 

Scrophularia- 
ceae. After 
Eighler. 


38. Acanthaceae. 

Distinguishing Characters. — Shrubs and herbs; leaves 
opposite, exstipulate; inflorescence cymose , of hypogynous , 
irregular flowers; calyx (4-5), corolla (4-5), usually two-lipped; 
stamens usually 4 or 2, epipetalous ; ovary of (2) carpels , 
bilocular , with axile placentas , each with 2 — oo anatropous 
ovules , and long style with two stigmas ; fruit a capsule loculi- 
cidal to the very base and usually stalked , with exalbuminous seeds. 

This is a very large family, well represented in India by many 
common plants, which show very various habit, some being 
climbers, some xerophytes, some shore plants. Mostly they 
are herbs or shrubs, with opposite exstipulate leaves, which 
are usually entire. 
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The inflorescence is a dichasial cyme with a tendency to 
become monochasial in the later branchings, and quite 
frequently the cyme is “ condensed ” in the axils of the leaves 
in such a way as to make a little apparent whorl of flowers, 
whose cymose nature can be readily recognised by the fact 
that the central flowers open first. These cymes themselves 
are almost necessarily in racemose order, and actual racemose 
inflorescences also occur. The bracts and bracteoles are often 
large and coloured, the latter sometimes enclosing the flower 
and taking over to a greater or less extent the functions of a 
calyx. 

The flower is $ , hypogynous, and strongly zygomorphic. 
The calyx is (4-5), the corolla (4-5), usually very strongly 
two-lipped, though sometimes, as in Acanthus itself, the upper 
lip is not developed; the stamens are rarely 5, but usually 
4 or 2, epipetalous, often with the missing stamens represented 
by staminodes, the anthers often with one small lobe or with 
a long connective, or with both; the ovary is (2), bilocular 
with axile placenta, and ovules 2 — oc in each loculus in two 
rows, the style long with two stigmas. 

The fruit is a bilocular capsule 
usually more or less stalked, and 
loculicidal to the extreme base, with 
exalbum in ous seeds. In most of the 
family the seeds have peculiar out- 
growths ( jaculators ) from the stalks, 
which are sometimes of hooklike, Vis J^canZ s OV mMU, 
sometimes of papillar shape (Fig. showing jaculators. 
242). These lignify and stiffen, and 

by bending into a more or less horizontal position press the 
fruit walls outwards until it bursts with a jerk and throws out 
the seeds. In Rueilla and others the seeds have hairs upon 
the surface which swell up when wetted and may be of use in 
anchoring the seed to its place of germination. 

The flower secretes honey by a disc below the ovary, and 
by its size and complication is usually adapted to the visits 
of bees, while its mechanism is perhaps most commonly that 
which has been described under Scrophulariaceae as the loose- 
pollen mechanism. 
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Among the more common of the family are Thu fiber gin, a small 
climbing (twining) plant with a much divided calyx. Ruellia, men- 
tioned above, Barleria , Jusficia, Adhatoda , and other common weeds 
Acfinthufi ilicifolivs , with its pretty flowers and prickly leaves, is common 
among the mangrove and swamp formations upon the coasts. But 
perhaps the most interesting of the family is Strobilanthes , of which very 
many species grow in the forests upon the hills, and which forms one of 
the characteristic plants of the mountain flora, though a few species are 
occasionally found at low levels. These plants form the undergrowth 
of the forests where they occur, almost to the exclusion of anything 
else. They grow without flowering for several years, and then all 
flower simultaneously, the forest being then for a short time a sea of 
flowers, with innumerable bees at work among them; later the seeds 
are ripening, and the forest is full of jungle fowl feeding upon them; 
and finally there is nothing but a wilderness of dead sticks, until the 
young plants begin to appear and repeat the same history. Every 
mountain range, especially in the south, has numerous species of Strobi- 
lanthes confined to it, or endemic there, as it is called. 


39. Rubiaceae. 

Distinguishing Characters. — Trees, shrubs , or herbs with 
decussate stipulate leaves and cymose inflorescence (in Galieae 
the stipules as big as the leaves) ; flowers ? , regular , epigynous, 
4-5 onerous; stamens 4-5, epipetalous ; ovary usually bilocular, 
inferior ; fruit usually capsular. 

This is one of the largest families of tropical plants, and 
represented in India by many native and cultivated plants; 
they are mostly trees and shrubs, but there are also a con- 
siderable number of herbs. The leaves are entire or very 
rarely notched, and are always stipulate. The stipules show 
great variety in form. Only comparatively rarely are there 
two stipules to a leaf, standing one on either side of it. Some- 
times they are united in pairs, one of one leaf to the one of 
the other standing beside it (interpetiolar) ; sometimes they 
are united between the petiole and the stem (axillary); some- 
times they are united to one another and to the leafstalks, so 
as to form a sheath round the stem ; and in the tribe Galieae, to 
which belong the Galiums and Rubias sometimes found in the 
hills, the stipules are large and leafy, exactly resembling the 
leaves, except that they have no axillary buds, and sometimes 
united in pairs, so that, with the leaves, a whorl of four is 
formed, sometimes free, forming a whorl of six. 
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The inflorescence is cymose, and in perhaps the majority 
of cases is a much branched cymose panicle, though small 
cymes are common. The flower is 9 , regular, and epigynous. 
The calyx is composed of 4 or 5 sepals, usually small, and 
sometimes almost unnoticeable; sometimes, as in Mussaenda, 
one of the sepals is large and brightly coloured, forming the 
most conspicuous part of the flower and serving to attract 
insects. The corolla is of 4 or 5 petals, united, and in aestiva- 
tion valvate, convolute, or imbricate. The stamens are also 
4 or 5, alternating with the petals and epipetalous, and the 
ovary is inferior, of two or rarely of some other number of 
carpels, with as many loculi as carpels, i.e. most usually 
bilocular. The number of ovules in each loculus is either 
one — the distinguishing mark of the sub-order CofFeoideac, 
of which Coffea, the Coffee Plant, is a type — or more than 
one, most often very many — the distinguishing mark of the 
Cinehonoideae, of which Cinchona is a type. The style is 
simple, with a head-like or lobed stigma. The fruit is most 
commonly a capsule, often a berry, less frequently a schizo- 
carp, and the seeds have a large proportion of endosperm. 

Among the more interesting members of the family to be found in 
India are the following : — 

Oldenlandiu , a number of species of which arc common weeds, 
especially on the seashore, and one of which, 0. vmbellata , the Clay-root, 
affords a dull pinkish purple dye from its roots, formerly much employed 
in India for dyeing cloths; Hedyotis , of which many species occur in the 
hills, the most interesting being //. verticAllaris of the Nilgiris and Ceylon, 
with a kind of basin formed by the broad expanded bases of the leaves, 
in which a considerable amount of water is collected and held ; Cinchona , 
the source of the quinine and rinchonidine of commerce, originally a 
native of Peru, brought to India and Ceylon in 1861 by Sir Clements 
Markham, and now extensively cultivated by the Government in the 
Nilgiris and about Darjiling, the quinine obtained being sold only in India 
where it may be obtained for a small sum at. any post-office; Gardenia , 
many species of which are native or cultivated in India; Knoxia , a 
common weed in the hills of the south, and showing heterostylism very 
well; Coffea , some species of which are native in India, but by far the 
best known of which is C. arabica , the Arabian Coffee, largely cultivated 
in Mysore; Jxora , many species of which are to be found, some of them 
with very showy and handsome flowers, with long tubes preventing the 
honey being obtained by any but Lepidopterous insects; Pavetta , a 
shrubby species, of which several kinds occur, and which are marked by 
the presence of little pustules on the leaves, inhabited by colonies of 
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bacteria, whose use or otherwise to the plant is entirely unknown; 
Morinda, some species of which are common on the seashore and else- 
where, and which have the flowers densely aggregated, with a certain 
amount of union of caliees, etc., while the fruits are combined into one 
dense compound fruit; and many others. 

Many species of Galium, and Jiubia are common. The roots of H. 
rordifolia yield the red dye known as Manjeethh. Nauclea Cadamba 
(= Author ephalus Cadamba) is the Kadam tree. 

40. Cucurbitaceae. 

Distinguishing Characters —Herbs climbing by tendrils; 
leaves alternate; flowers unisexual in inflorescences of different 
kinds; calyx and corolla (5) united; stamens sometimes 5, but 
usually less , most commonly 3, two large and one smaller ; 
ovary inferior , 1-10 -locular, most often 3-locular with 1 — oc 
ovules in each; fruit usually fleshy with exalbwminous seeds . 

This is a fairly large family, well represented in India by 
plants which are mostly climbing annuals, which grow rapidly 
and climb by aid of tendrils. About the morphological 
nature of these there has been much dispute, which cannot 
even yet be said to be finally settled, though the view which 
perhaps finds most favour is that the tendril is of dual nature, 
the lower part being stem, the upper leaf. The tendrils show 
nutation and the other phenomena of climbing very well 
indeed. The leaves are alternate, often palmately notched. 

The inflorescence is of various types, the flower itself 
unisexual, rarely ? . The calyx is (5), the corolla (5), epigy- 
nous, regular, the stamens typically 5, but there is great 
variety in the androccium, which is usually zygomorphic, and 
has cohesions of various types. The anthers are always 2- 
not 4-locular. Only very rarely are there 5 stamens present, 
each with a bilocular anther. In most of the family there 
appear to be 3 stamens, two of which have 4-locular anthers; 
in reality this is due to a fusion of two pairs of stamens, leaving 
the fifth free. At the same time the anther loculi usually 
become much curved, and in some of the Pumpkins (Cucurbita) 
so much cultivated in India the pollen-sacs are remarkably 
twisted. The ovary is inferior, with 1-10 most often 3 loculi, 
each containing 1 — oc anatropous ovules on axile placentae, 
and with as many stigmas as carpels, though the stigmas are 
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often forked. The fruit is usually fleshy, of the type exhibited 
in the Pumpkin or the Cucumber — a berry-like fruit sometimes 
called a pepo, with exalbuminous seeds. 

Many of the family arc cultivated on account of the edible fruit, e.g. 
Trichomnthax anguina, the Snake Gourd, Momordica charantia, the 
.Karela, Lagenaria vulgaris , the Bottle Gourd, Citrullvs vulgaris , the 
Water Melon, an African species, C. Colocynthis , the Colocynth or Bitter 
Gourd, used in medicine, Cucumis sativum , the Cucumber, C. Melo, the 
Melon, Benin, rasa cerifera , the Ash Pumpkin, Cucurbita maxima , the 
Gourd or Pumpkin, C. Pepo, the Vegetable Marrow, and other species. 
Luff a aegyptiaca , the Loofah or Bath Sponge, whose fruit contains a 
network of vascular bundles, which when set free by the rotting away 
of the softer tissue' forms an excellent bath sponge, and many others of 
less interest. 


41. Compositae. 

Distinguishing Characters. — Herbs or rarely shrubs or 
trees ; leaves alternate or opposite , rarely stipulate; inflores- 
cence racemose , the flowers in heads with involucres of bracts , 
the individual flowers of a, head all actinomorphic (tubular), or 
all zygomorpkic ( ligulate ), or both (forming disc and ray), the 
flowers epigynous ; calyx absent or forming a pappus , corolla 
(5) ; stamens 5, epipetalous, with coherent anthers ; ovary 
inferior, of (2) carpels with two stigmas, and unilocular, with 
one basal ovule; fruit a cypsela, often with pappus, and with 
exalbuminous seed. 

This is the largest and most widely distributed family of 
flowering plants, and contains over 10,000 species. Although 
so large a family, the general characters of the Compositae are 
so clearly marked that they cannot be taken for members of 
any other family, although there is at first glance a superficial 
resemblance to the members of the small closely allied order 
Dipsacaceae. 

Occurring as they do in every possible variety of situation, 
the plants of this family show every variety of habit, some 
being water or marsh plants, some climbers, some epiphytes. 
All these types, however, are rare, and the great bulk of the 
family consists of moderate sized herbaceous plants, of which 
the Yernonias and Blumeas are excellent examples. Only 
rarely do shrubs of any serious size occur, the bulk of the 
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Vernonias, for example, though many of them are more or 
less shrubby, not exceeding a couple of feet in height. The 
plants are mostly mesophytes, or suited to an average climate, 
but many grow in very dry situations, and have more or less 
fleshy leaves, or other protections against drought. 

The plants have usually a tap root, which may in some 
cases, e.g. Elephantopus , or the Dandelion (Taraxacum offici- 
nale, to be found in the hills), be tuberously thickened for 
storage of reserves. The leaves are usually radical or alter- 
nate, often both types on the same plant; in rarer cases they 
are opposite, as in Siegesbeckia , and in the Sunflowers and 
Dahlias commonly cultivated in gardens; they are generally 
exstipulate. Oil ducts occur in most of the family, and latex 
is present in some, c.g. the Dandelion and the Lettuce. 

The inflorescence is in general a capitulum or head of flowers, 
of racemose type, as may be seen from the fact that the oldest 
flowers, which open first, are round the margin of the head 
(Fig. 188). The head is of symmetrical form, with a great 
number of, or sometimes only two or three, flowers on a 
common receptacle, surrounded and protected by an involucre 
of bracts, which may be in one whorl, or in several. The disc 
or receptacle upon which the florets stand is commonly 
flattened or convex, and upon it are very often bracts to the 
individual florets, called paleae , usually of chaffy nature. 
This capitular inflorescence is usually in common speech 
termed the flower of a Composite, as for instance the flower 
of a sunflower or dandelion, but in reality is a whole inflores- 
cence condensed to resemble a single flower; the heads may 
of course be themselves arranged into more complicated 
inflorescences, such as spikes, racemes, or panicles. 

The distribution of sexes, and the form of the individual 
flowers, show great variety (Fig. 161, a, d). The simplest 
case is for all the flowers of a head to be § and regular — or 
tubular , as it is termed. But very often the outer florets 
of a head, as in the Sunflower, are irregular, strap-shaped, or 
ligulate , the flat petal into which the corolla is drawn out 
usually showing a number of notches at the end corresponding 
to the petals of which it is really composed. Most commonly, 
perhaps, the ligulate flowers are female, except when, as often 
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happens, the whole head is made up of iigulate flowers. 
When, as in the Sunflower, there, are central tubular flowers, 
they form what is called the disc, which usually differs in 
colour from the ray formed by the Iigulate flowers round the 
edge of the head. A few of the family have neuter regular 
flowers, of different size and form, at the edge of the head 
(Ccutaurca spp.). 

The florets, or flowers themselves, are epigynous and 
5-merous (Fig. 243), and may be actinomorphic or zygo- 
morphic, 5 > unisexual or neuter. Owning to the fact that 
the function of protection of the young flowers from the 
weather and other evil influences is taken over by the involucre 
of bracts on the head, the calyx of the 
individual flowers is thus rendered use- 
less, and in fact a green leafy calyx is 
not found. In some cases it is simply 
aborted, appearing only as a slightly 
lobed rim on the summit of the ovary, 
but in the great majority of the Com- 
positae the plant has, so to speak, been 
able to find another use for it, and it 
appears in the form of a pappus — a ring 
of small hairs or bristles, which after 
fertilisation enlarges into a parachute of 
fine hairs by means of which the fruit 
may be carried to a long distance from 
the parent plant, or into two or more stiff 
barbed bristles, by whose means the fruit 
may cling to animals and thus be dis- 
tributed to a distance. 

- Again, the corolla is (5), and in bud the petals are 
valvate; it may be action omorphic or zygomorphic, the 
former giving the tubular flowers of which we have already 
spoken, the latter usually the Iigulate, though sometimes the 
flowers are merely labiate or lipped. The stamens are 5, 
epipetalous, with short filaments, and alternating with the 
petals; the anthers are introrse, and cohere with one another 
by their edges, and form a tube around the style (Fig. 161, a). 
This form of cohesion is described by the term syngenesious. 

24 
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The ovary (Fig. 173) is inferior, of (2) carpels, with a simple 
style that forks at the end into two stigmas, of which one is 
posterior, the other anterior; it is unilocular, with one erect, 
basally attached, anatropous ovule, which after fertilisation 
gives rise to an exalbuminous seed with a straight embryo, 
enclosed in a dry indehiscent pericarp, the wdiole being 
popularly termed the seed, though it is really the fruit. The 
fruit is usually called an achene, but is of course of more than 
one carpel, and its wall is partly of axial nature, and is more 
strictly to be called a cypsela (Fig. 199, a). When present, 
the pappus crowns the fruit. 

The mechanism of pollination is interesting and simple, 
and shows much the same general features throughout the 
family. The florets are in general small, and closely massed 
together, which makes the inflorescence attractive to insects; 
moreover an insect can visit a great many in a very short 
time. Honey is secreted by a ring-shaped nectary at the 
base of the style, and is well protected from rain and from 
insects with short lips by the longish narrow tube of the 
corolla which stands above it. The actual length of the tube 
varies very much, but there is always a tube of sufficient 
length to keep out the smaller and more stupid insects. In 
general it is longer in the blue coloured species, which are 
favourites with bees and butterflies, than in the yellow 
coloured species, which are more visited by the larger and 
more intelligent flies. 

When the flower opens, the style, with its stigmas close 
together, so that the receptive parts are completely covered, 
reaches up to the bottom of the tube formed by the anthers, 
which open and shed their pollen. This is then pushed out- 
wards by the growing style, and the flower is in its male stage, 
while ultimately the pollen is all pushed out, and the styles 
emerge and open their stigmas to expose the receptive surfaces, 
and the female stage begins. Ultimately, in a great majority 
of cases, the stigmas curl round backwards so far as to touch 
the pollen that may still be upon their backs, and self-pollina- 
tion occurs, so that the flower will set seed in any case, while 
getting a chance of setting cross-fertilised seed as long as 
possible. This simple and effective mechanism should be 
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carefully contrasted with that of the orchids, where there are 
large and complicated flowers which yet so rarely effect their 
object that they have to set a vast number of seeds, whereas 
in the Compositae there arc simple flowers wdiich are so 
efficient that one seed is sufficient. 

The ripening fruit, like the young flower, is protected by 
the involucre of the head, and, as already mentioned, the 
calicos of the individual flowers most often form a pappus, 
which aids in the distribution of the seeds. 

The Compositae are generally regarded as occupying the 
highest position in the vegetable kingdom, and this may be 
put down to the fact that they possess several very efficient 
peculiarities, viz. (1) the massing of the flowers in heads, 
which gives greater conspicuousness, especially in cases where 
rays of ligulate flowers are formed, and a saving of material 
in the construction of corollas, for the individual flowers may 
be much smaller, and one insect, walking over the head, can 
pollinate many flowers in a short time; (2) the very effective 
and extremely simple mechanism of the flower, giving good 
protection to the honey and pollen, excluding the most stupid 
insects, but leaving the flowers available to a large circle of 
visitors, preventing self-pollination till the last possible 
moment, but giving it at last, and thus ensuring the setting 
of seed, and (3) the use of the calyx of the individual flower to 
form a very perfect mechanism for the distribution of the 
seeds. In all these respects the Compositae should be care- 
fully compared with the other orders dealt with in this book. 

There are a very great number of Compositae in India, though not 
so many in proportion to the rest of the flora as one finds in more tem- 
perate countries. Among the more prominent are the many species of 
Vernonia , some of which are among the commonest weeds, and some of 
which are large and shrubby ; Elephantopus scaber , one of the commonest 
weeds in lawns and grass lands, with its large leaves which lie flat on 
the ground, and its tuberous root, which enables it to come up again, 
if cut off, by the aid of the reserve that it contains; Carthamus tinctorius 
the Kusum; many Blumeas, often with rather woolly leaves; the 
many species of Anaphalis of the hills, which with their white woolly 
leaves resemble the Edelweiss of Switzerland, to which they are some- 
what closely related; Xanthium strumarium , which has two forms of 
head — one male, one female: the former at the outer ends of the 
inflorescence, the latter lower, with two apetalous flowers enclosed in 
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an involucre of united bracts, only the styles projecting out of the two 
cavities in the involucre, and the latter provided with hooks by whose 
means the fruits may be distributed ; B idens pilosa, the Spanish Needle, 
with the achene provided with barbed hooks at the outer end; several 
Senecios, some of which climb by twining; Lavnaea pinnatifida , which 
is very common on the sea beach and grows by runners that take root 
at the nodes; Ciehoriuvi intybus , the Wild Chicory. 

Among the introduced plants, which are often among the commonest 
weeds, are Ageratum eonyzoides, the Goat-weed, from tropical America; 
Tithoma diversi folia , the Wild Sunflower (Mexico); Heliantfms annuvs, 
the true Sunflower, whose fruits yield an oil; Helianthus iuberosus , the 
Jerusalem Artichoke (the name Jerusalem is really the Italian girasole , 
meaning turning to the sun, for the flower heads tend to face the sun); 
the pretty yellow species of Cosmos from Mexico; Cynara cardunculus, 
the true Artichoke, the edible part of which is the low r er inner edges of 
the involueral bracts; Taraxacum officinale , the Dandelion; Lactuca 
scariola , the Lettuce; and many others. 

II. MONOCOTYLEDONS. Embryo with one cotyledon; 
stem with closed bundles, “scattered” in cross-section; 
leaves generally parallel-veined ; flowers with parts in threes. 

42. Gramineae. 

Distinguishing Characters. — Grasses with hollow usually 
cylindrical steins; leaves alternate in two ranks , with sheathing 
base, the sides of the sheath not united , and with ligule at the top 
of the sheath ; inflorescence racemose , of spikelets of naked 
hy pogy nous flowers ; perianth none or of two Iodic-tiles; stamens 
3; carpel 1 with one basal ovule; fruit a caryopsis. 

This is one of the largest and most cosmopolitan families of 
Flowering Plants, the grasses occurring everywhere, and 
many, in the form of cereal crops or of fodder, being cultivated 
over enormous areas. 

Many species are herbaceous, but in the warmer regions of 
the globe the bamboos, which are simply ordinary grasses 
magnified, take a very important place, some of them reaching 
a very considerable height. The method of growth can be 
very clearly seen in the bamboos. Young shoots appear 
above the ground during the rains, and grow upwards with 
extraordinary rapidity, bearing only large scale leaves until 
they are nearly at their full elongation, when the lateral 
shoots, which bear the green leaves, appear. Of the small 
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grasses, many are annual and many j)erennial, the latter often 
branching very largely at the base and thus giving rise to a 
tufted habit. A fair number of grasses possess rhizomes, and 
yet others have creeping stems, which root at the nodes. 

The stem has a very characteristic structure, with very 
clearly marked nodes or joints, which are usually swollen. 
At these the leaves are 
borne in a two-ranked 
phyllotaxy, which can 
be very clearly made 
out in the bamboos or 
in almost any of the 
grasses. The base of 
the leaf is sheathing, 
and the sheath is split 
on the side away from 
the blade, the sides of 
the slit usually over- 
lapping one another 
(Fig. 98, e). The leaf 
rarely has a petiole, but 
has a blade of tender 
construction, usually long and narrow, but very often, in 
Indian grasses, almost ovate. At the junction of the blade 
and the sheath there is a little membranous outgrowth, termed 
the ligule. 

A great many grasses, which live in dry situations, have 
leaves which roll up in dry weather, the upper surface having 
a series of grooves, with stomata at the bottom; in this way 
the lower surface, which is thick-walled and has no stomata, 
is presented to the outer air, and transpiration is checked. 
When the air again becomes moist, the leaf once more unrolls. 

The inflorescence is rather complex, and is best considered 
in terms of the unit of inflorescence, which is not usually a 
single flower, but a little spike of flowers, known as a spikelet. 
The spikelet may at times possess only one flower. Taking 
the inflorescence of the ragi, for example, this consists of a 
group of five or six branches coming off at the top of the 
stem; along the outer sides of these branches are the spikelets 
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Fig. 244. Typical Spikelet of a Grass. 
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Fig. 245. Typical Flower of a Grass. 

Lower palea removed. 


in a double row. Each spikelet (Fig. 244) consists of a little 
stalk along which in the usual two-ranked arrangement are 

the glumes and inferior 
paleae, or bracts of the 
flowers. The lowest 
two of these (the 
glumes) have usually 
nothing in their axils, 
but flowers occur in 
the axils of the others 
(the inferior paleae). 
The glumes themselves, 
and to some extent 
the inferior paleae also, 
are boat-shaped with 
strongly marked keels 
or midribs. In the axils of the inferior paleae there stands 
an exceedingly short axis, on which there is borne first of all 
a leaf known as the superior palea, which is thin and papery, 
and faces the opposite way to the in- 
ferior palea. 

Between the superior and inferior 
paleae are the actual essential organs 
of the flower (Fig. 245), consisting of 
an ovary with two styles, three sta- 
mens, and two thin membranous 
leaves called thelodicules, which stand 
on the same side as the inferior palea. 

When the flower is about to open, 
the lodicules expand and push the 
paleae apart. They are often looked 
upon as a rudimentary perianth (Fig. 

246), but are more probably the repre- 
sentation of a second bracteole (the 
superior palea being the first), and the flower is consequently 
completely naked. 

The stamens are usually three, with long filaments and 
versatile anthers, whilst the carpel is solitary, forming a 
1 -locular ovary, with two stigmas which are much branched. 


BRACTEOLE 



BRACT 

Fig. 246. Floral Dia- 
gram of a Grass. 

(Cf. with Fig. 182.) 
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The ovary being of one carpel only, the two stigmas must be 
regarded as developments of a single stigma. The fruit (Figs. 
41, 199, c) is called a caryopsis , or achene whose seed-coat is 
completely united to the pericarp. At the one end, usually 
the pointed end of the seed, is the embryo, which is straight, 
with its only cotyledon, the scut ell am trapping quite round the 
embryo. In germination the cotyledon remains within the 
seed or embryo, extracting the nourishment from the endo- 
sperm, and afterwards becomes withered. Often one or more 
of the glumes or paleac runs out into a long thread-like out- 
growth, termed an aum. 

The grasses are wind-pollinated, as is indicated by the 
absence of conspicuous colour and of honey in the flowers, by 
the easily moveable condition of the stamens and their plenti- 
ful production of pollen, and by the largeness of the stigmas. 
The construction of the stamens enables them to shake out 
their pollen readily, and that of the styles enables them to 
catch it. 

The two chief uses of the grasses are as cereals and fodder. 
The cereals include wheat, barley, oats, rye, maize, ragi, 
sorghum, the millets, and many others, furnishing the staples 
of food to mankind throughout the world, while the numerous 
species used as fodders arc of almost equal importance to the 
animal world, and the bamboos furnish building materials, 
pots, water channels, and many other articles of daily use to 
the natives of warm countries. 

Of the enormous number of grasses found in tropical Asia, mention 
can only be made of a few of the most important. The chief of these 
are the cereals, the principal of which are Jiioe ( Oryza saliva) in the 
south and Wheat ( Triticum vulgare) in the north, though very many 
others are also cultivated, among which may be mentioned Maize 
(Zea Mais ), Italian Millet ( Setaria italica ), Guinea Corn, Jowar, or Great 
Millet ( Sorghum vulgare ), Ragi or Kuriikh&n ( Kiev sine coracana), Bu\rush 
Millet, Bajri, or Kumbu ( Pennisetum typhoid cum), and several others. 
Sugar-cane ( Saccharum officinmum) is cultivated over enormous areas 
in India. 

Another important group of grasses is the oil-yielding species, such as 
Citronella ( Cymbopogon Nardus and C. W inter ianus). Lemon Grass 
( C. flexuosus and C. citratus ), Rusa or Geranium-oil ( C . Martini ), Khas- 
Khas ( Andropogon muricatus), etc. These all have a strongly scented 
volatile oil, which is obtained from them by distillation. 
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43. Palmae. 

Distinguishing (Characters. — Palms; leaves large , alter- 
nate, 'pinnate or palmate ; inflorescence racemose , of hypogy nous 
often unisexual flowers ; perianth in two whorls of 3 ; stamens 
ditto; ovary of 3 or (3) carpels; fruit a berry or drupe , with 
al bwnino u s seeds . 

This is a large family, confined to the tropics and the sub- 
tropics, where they often form very characteristic features in 
the vegetation, though this is much better shown in tropical 
America than in Asia, where the palms are most familiar in 
the vast cultivated belts of coconuts and palmyra palms 
along the coasts, the former in the damper and warmer regions. 
The vegetative habit of the palms is familiar, and is seen 
most typically in the Palmyra Palm — a tall straight stem with 
a crown of leaves, either of fan or of feather shape, at the top. 
The two most familiar departures from this are the Coconut, 
which has a stem that rises in a curve (apparently by reason of 
heliotropic curvature, as it always rises towards the light, 
and the stems on the outer sides of a clump always bend 
outwards), and the Toddy Palm, which has its large much 
branched feather leaves scattered over a considerable length 
of the top of the stem. 

Many palms, e.g. the Sago Palm, have rhizomes which 
creep along below the ground, bending up at the end when 
about to flower, and others, chiefly the rattans (Calamus), 
have climbing stems, which climb by aid of stout prickles that 
replace the leaflets at the outer ends of the large leaves. 
Owing to the fact that the older leaves fall off as the younger 
come on, the area exposed to the wind does not increase as the 
palm grows older, and the stem, though it increases in height, 
does not appreciably increase in thickness after it has once, 
in its youth, reached its full diameter. On the other hand, 
the strain at the base increases as it grows taller, and this is 
met by the formation of numerous adventitious roots which 
give it a better grip upon the soil. 

The leaf of the palms is very characteristic, and has very 
few like it outside the family. The leaf, which may be of either 
pinnate or palmate form, arises by a peculiar process of develop- 
ment, forming in situ as one mass which is split up by a sort of 
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absciss layers. The leaf is generally very large, and must 
therefore have a very good attachment to the stem to prevent 
its being torn away; this is provided by the formation of a 
great sheath at the base, which is very often very fibrous, the 
fibres in many cases, as in the Palmyra Palm, forming valuable 
sources of commercial coarse fibre. The pinnae are folded 
where they join the racliis of the leaf, sometimes downwards 
(reduplicate, or a in section), sometimes upwards (induplicate, 
or V in section). The surface of the leaf itself is glossy owing 
to the presence of a thick cuticle, for the palms are in general 
sun-plants, requiring considerable protection against excessive 
transpiration; this is also shown in the way the young leaf, 
unopened, emerges from the bud in a, straight vertical line, 
and does not spread out and expose the comparatively thin 
blades to the sun till if is nearly mature. 

The inflorescence is large and much branched in most 
palms. In a few palms, such as the Talipot (Corypha) and 
the Sago (Metroxylon), it is terminal, and ends the life of the 
plant. The Talipot, for example, grows vegetatively for 40-70 
years, and then at last produces a huge terminal inflorescence, 
which may reach the height of 40 feet, and may contain 
several million flowers. This, and the vast number of fruits 
which follow it, are produced at the expense of the enormous 
quantity of reserves which the palm has been storing up in 
the stem, and when the fruits are ripe this is exhausted and 
the palm soon dies. Even in a palm like the Coconut, which 
flowers all its life, there is a great rush of sap from reserves to 
the inflorescence, and this is taken advantage of by the 
drawers of toddy, who tap the young inflorescence to obtain 
the sap, which forms toddy, and when fermented yields 
alcohol, or when evaporated yields sugar. 

Sometimes the inflorescences are in the axils of the current 
leaves, sometimes lower on the stem ; in the Toddy Palm, for 
instance, they appear in descending order along the stem. 
The branching of the inflorescence is racemose, and it is 
enclosed in a spathe of one or more leaves, out of which it 
bursts when ripe. The individual flowers are sometimes free, 
but very often they are sunk in the tissue of the stalk, and the 
inflorescence is then termed a spadix (p. 263). Sometimes the 
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palm is dioecious, sometimes monoecious (Fig. 247, i>, f), and 
in the latter case it often has the flowers in little cymes of 
three, one female between two males; this may be well seen 
in the Toddy Palm (Caryota). 



Fig. 247. 


A, Male Flower of Borassus. 11, Fruit of Areca catechu, half of fibrous fleshy part 
cut away. G, Female Flower of Areca catechu . I), Branch of inflorescence of 

Areca catechu , with male flowers. E, IMale Flower of Cocos nuafera. F, Fart 
of spadix of Cocos uucifera , with one female flower at the base, and two male 
flowers behind it. ('After 1) rude . ) 

The flower (Fig. 247, a, c, e) itself has usually a perianth 
in two whorls of three leaves, alike in colour and texture. 
The stamens are also in two whorls of 3, and the carpels 3 or 
(3), in the latter case forming a 1- or a 3-locular ovary, with 3, 
or sometimes 1, usually anatropous ovules. The flowers are 
sometimes pollinated by wind, sometimes by insects, but as 
yet little is known about them in this respect. 

The fruit (Fig. 247, b) is a berry or a drupe with the endocarp 
united to the seed. In the Sago Palm and others of that group 
of the family it is covered with hard scales. The seed has a 
large endosperm, which in the case of the date, the vegetable 
ivory, and others is formed of cellulose, deposited upon the 
cell walls, and making the seed extremely hard. When the 
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seed terminates, the cotyledon lengthens and pushes out the 
radicle, and the plumule subsequently grows out of the 
cotyledon sheath. 

The most important palms in India are the cultivated 
species, of which the chief is perhaps the Coconut ( Cocos 
vncAfaro ), though the Palmyra is almost equally important. 
The Coconut is one of the important agricultural crop plants 
of the world, and is cultivated over large and extending areas 
in tin 1 tropics. These are chiefly near to the sea, for it is a 
maritime plant, and its seeds are floated long distances 
uninjured in their fibrous husks, so that the real country of 
origin of this palm is still unsettled, though it has been carried 
by man or by the waves to almost every tropical coast. The 
fruit of tli is palm is one-seeded, the outer layer of the pericarp 
fibrous, the inner hard and woody; at the base of the latter 
are three marks which correspond to the three loculi of the 
ovary, two of which disappear in the course of development of 
the fruit. Inside the fruit when young is a quantity of watery 
fluid, which makes a refreshing drink; as the endosperm, which 
forms the 4 4 meat ” of the coconut, increases, this fluid 
diminishes and finally the ripe nut is left with little or none 
of it. 

The endosperm contains large quantities of oil, and is 
largel } 7 used as a source of it, being usually dried in the sun 
to form copra, which is then crushed for the extraction of the 
oil. The leaves of the palm, woven into 44 cadjans,’’ are used 
for thatching; the outer wood of the stem is used for many 
purposes. The fruit contains a large quantity of fibres, 
arranged nearly parallel, in the outer layer of the pericarp; 
these are obtained by rotting away the soft tissue between 
them in water, and used as a very important source of coarse 
fibre (coir), being made into ropes, mats, and other articles. 
The inflorescence, as already mentioned, is tapped when tf , 
young for toddy, which when evaporated yields jaggery or 
sugar, and when fermented and distilled yields arrack. 

In the same way, the Palmyra Palm (Borassus flabellifer) 
is the source of almost everything that can be required to a 
large population. The wood of the stem is used, the leaves 
are employed for thatching, the fruit is eaten, the fibre at the 
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base of the leaves is collected and used for brushes, the young 
inflorescence is tapped for toddy, from which are made arrack 
and jaggery, and so on. An ancient Tamil song in praise of 
the palm enumerates 801 uses that can be made of it. It 
occupies enormous areas in the drier portions of southern 
India. 

Yet another important cultivated palm is the Toddy Palm 
(Caryota urens), which is more specially used for toddy making, 
whilst the large stem, split in half and hollowed out, is employed 
as a water channel. The Betel-nut Palm (Areca catechu) is 
largely cultivated in Bengal and other parts; its nuts are 
sliced and chewed with the leaves of the Betel-pepper (Piper 
Betle) by a large part of the population of India. 

The Talipot Palm (Corypha umbraculifera is another 
characteristic feature in the south, where its gigantic fan- 
shaped leaves, and its still more gigantic terminal inflorescence, 
of which we have already spoken, attract attention everywhere. 
The leaves, cut into large pieces, are used as umbrellas, and 
cut into narrow strips form the old books upon which so many 
of the sacred writings have been handed down; writing upon 
them is done with a sharp metal stylus, and charcoal rubbed in, 
making a permanent and indelible record. In the Malay 
peninsula, and in Ceylon and the far south of India, the 
climbing Calamus palms, known as rattans, are of some 
importance, their stems furnishing the rattan canes of com- 
merce. The leaves of Nipa frut, leans, abundant in the kSun- 
darbans and elsewhere on the coast, form the very best 
cadjans. This and Phoenix sylvestris , the Indian Bate, are 
the only wild palms, perhaps, that form any conspicuous 
feature in the floral landscape of India. 

44. Araceae (Aroideae). 

Distinguishing Characters. — Herbs, climbing shrubs, etc., 
with adventitious roots , and flowers usually in a spadix surroun- 
ded by a spathe, $ or unisexual , with or without a perianth; 
stamens typically 6, but generally less , and often united ; ovary 
of 1 or more carpels ; fruit a berry. 

This is a large family, very well represented in the tropics, 
and in India most familiar in the Colocasias and Alocasias, 
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everywhere cultivated as “ yams ” in the warmer parts and 
in certain creeping plants often cultivated for ornament. 
Some are herbs with tubers or rhizomes, some climbing plants 
with aerial roots, one ( Pistia ) a water 
plant. The climbers have two typos 
of aerial roots; those of the one type 
show great negative heliotropism, and 
cling closely to the support, while those 
of the other show marked sensitiveness 
to gravity, grow down to the soil and 
absorb nutriment there. 

The flowers arc 1 usually in spadices 
(Fig. 185), closely crowded together 
and surrounded by a large spathe, and 
may be $ or unisexual, with or 
without a perianth, and with typically 
(> stamens, usually reduced in number 
and often united into a synandrium. 

The fruit is a berry. 

The rhizomes or tubers contain much 
starch, and are very valuable as food. 

Colocasia antiquorum , the Taro, and 
several species of Alocasia and sometimes others, are used as food 
in India. Pistia stratiotes is the Water Lettuce, common on 
ponds, and there are many climbing Aroids also. Arisaema 
(Fig. 248) is a large genus, species of which occur all over 
temperate Himalaya, in the Western Ghats, and in the 
Nilgiris. A. Wallichianum is called the Sanp Buti (Snake 
Plant). The plants of this genus are usually either male or 
female. 

45. Commelinaceae. 

Distinguishing Characters. — Herbs with jointed stems; 
leaves alternate , sheathing ; inflorescence a cincinnus of $ > 
regular , usually blue flowers; calyx and corolla 3; stamens 
3 + 3, some usually absent or staminodial; ovary superior , 
of 3 carpels , with axile placental io n ; fruit a capsule ; seeds 
with endosperm . 



Fig. 248. SrADix of 
Arisaema. 
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This is a little family of tropical and subtropical plants well 
represented by several common weeds. They arc herbaceous 
plants with jointed stems, and alternate sheathing leaves with 
narrow, sometimes al most grass-like, blades. The inflorescence 
comes out of a closely folded leaf, and is really a cyme of the 
type sometimes known as a boragoid, because it is most 
typically shown in the order Boraginaceae, to which the 
Heliotropes and Sebestens belong. It is a monochasial cyme 
in which each successive branch falls alternately on one and 
upon the other side of what is for the time the main axis, 
and in the case of the boragoid is much condensed with short 
axes. 

The flower is £ an ^ regular, or very slightly irregular 
owing to abortion of some of the stamens, and is usually 
blue in colour. Unlike many monocotyledons, the calyx and 
corolla differ in colour, the former being green; each consists 
typically of three leaves. The stamens are typically 6 in 
two whorls, but very commonly some of them are absent or 
represented only by stami nodes. The ovary consists of 3 
carpels and has 3 loculi, with a few orthotropous ovules in 
each. The fruit is a loculieidal or indehiscent capsule; the 
seeds have fleshy endosperm, and sometimes an aril. 

The family is mainly represented in India by a few common 
weeds belonging to the genera Cyanotis , Ancilema , and Com- 
mclina. Commelina benghalensis , C. obliqua , and a few other 
species of the genus occur throughout India. The simple, 
open, very slightly irregular flowers are visited by a large 
circle of insects. 

In the exotic genus Tradcscantia , which is largely cultivated, 
all the six stamens are functional. The filaments are covered 
with long multicellular hairs, the cells of which are a favourable 
object for observing protoplasmic circulation. (See p. 205.) 

46. Liliaceae. 

Distinguishing Characters. — Perianth usually petaloid; 
flowers hypogynous ; 6 stamens; trilocular ovary. 

This is a very large family, comprising about 200 genera. 
The plants are mostly herbs perennating by means of rhizomes, 
bulbs, e.g. Lily, Onion, and Hyacinth (Fig. 57), or corms. A 
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few are shrubs or trees, e.g. Dracaena and Yucca , often 
showing secondary growth (p. 135). Some reproduce by 
means of bulbils, e.g. Liliuvn bulbiferum. Some are climbing 
plants, e.g. Smilax (p. 151) and Gloriosa superba (Kulharf). 
Ruscus , the Butcher’s Broom, and Asparagus have phyllo- 
cladcs. Many species are xerophytic. 



The inflorescence may be racemose or cymose. The 
umbellate heads found in many, e.g. Onion, are cymose. In 
the Tulij) there is a solitary terminal flower. The flowers 
(Figs. 182, 249) are actinomorphic, usually hermaphrodite, 
typically trimerous and hypogynous. The perianth consists 
of six parts in two whorls, and is usually gamophyllous, 
occasionally polyphyllous (e.g. Tulip). There are six stamens 
in two whorls, hypogynous or epiphyllous, with usually 
introrse anthers. The pistil is tricarpellary, syncarpous; the 
ovary trilocular, superior; the ovules indefinite, anatropous; 
the placentation axile. The fruit is usually a loculicidal or 
septicidal capsule, occasionally a berry (e.g. Asparagus and 
Smilax). The seed is albuminous. 

In many cases the flowers are pendulous (the pollen being 
thus protected, and cross-pollination promoted), while the 
capsules are erect, and the seeds blown out gradually by the 
action of the wind (censer-mechanism). 

Pollination. — Both self-pollination and cross-pollination 
occur, most of the flowers being adapted for long-tongued 
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insects. In most cases honey is produced by glandular tissue 
in the partitions between the chambers of the ovary. In 
Lilium it is secreted at the base of the perianth leaves. In 
Tulip and Garlic there is no honey; the flowers are visited 
for pollen. In Herb Paris the dusky colour and fetid smell of 
the flower attract carrion-loving flies. 

Some of the more important Indian members of this order are: 
Various species of the genus Lilium (the Lilies) in the Temperate 
Himalaya; Smilax. with stipule-tendrils and net -veined leaves, the 
roots of some species yielding the drug Sarsaparilla: Asparagus, with 
reduced scale-like leaves bearing in t heir axils cladodes which appear like 
tufts of linear leaves ; Gloriosa superha ( Kalinin), which climbs by means 
of the tendril-like leaf -tips; Allium spp. (A. cepa, the Onion or Piaz, 
A. sativum. , the Oarlie or Lassan, both cultivated, besides many spp. wild 
in the N.W. Himalaya); Asphodel us spp., in the plains and lower hills. 

47. Amaryllidaceae. 

Distinguishing Characters. — -Mostly herbs with inflores- 
cence on a scape, with a spat he ; flower regular or not ; perianth 
6, petaloid, sometimes with a corona, epiggnous ; stamens 0 ; 
ovary inferior, of {‘A) carpels , tri locator ; fruit usually a capsule . 

The most familiar plant of this family in India is the great 
Agave, of which several species are to be found in a semi-wild 
condition along railway lines and elsewhere. This species, 
and in fact the bulk of the family, shows marked xerophytic 
characters; in Agave the leaves are thick and fleshy, and 
covered with wax; in others the plant, is bulbous, and during 
the dry season remains in tin* condition of a leafless bulb. 
Many species have rhizomes, and give off a leafy shoot each 
year. 

The inflorescence is cymose, but very often the flowers arise 
so closely together that it becomes of head or umbel form, 
but that it is not a true head or umbel is to be recognised by 
the fact that the order of the opening of the flowers is not 
centripetal, but centrifugal or irregular. The inflorescence is 
generally borne upon a scape, springing from the base of the 
plant, enclosed at first in a spathe of one or more leaves borne 
on the inflorescence axis. 

The flower is 5 > regular or more or less zygomorphic. It 
has a petaloid perianth of 6 segments; in Narcissus and a few 
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others there is within this what is known as the corona , a 
shallow tubular petaloid outgrowth which is sometimes 
supposed to be the combined stipular outgrowths of the 
stamens. The stamens are 6 with introrse anthers, and below 
the insertion of the perianth is an inferior ovary of (3) carpels, 
trilocular, with axile placentae bearing numerous anatropous 
ovules, and which usually ripens into a capsule, but sometimes 
into a berry. 



Fig. 250. Flower op Daffodil in Vertical Section. 

The commonest members of this family are perhaps the 
little yellow-flowered Curculigos, but by far the most familiar 
are the enormous Agaves, or Century Plants, which are often 
to be seen along railway banks and elsewhere ; they owe their 
English name to the fact that the plant, like the Talipot 
Palm, saves up reserve materials for many years, and then 
spends it all in one burst of flowering, in which there appears 
a gigantic terminal inflorescence, after the ripening of the seeds 
of which the plant dies. A very considerable amount of 
vegetative reproduction is performed by the aid of little 
bulbils, or small bulbs, which appear in place of many of the 
i. bot. 25 
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flowers of the inflorescence, and sprout when they fall off in 
suitable places and weather. 

48. Iridaceae. 

Distinguishing Characters. — Perianth pctaloid ; flowers 
epigynous ; 3 stamens ; inferior triJocular ovary. 

The Iridaceae are largely represented in dry sunny countries 
(South Africa, etc.). Familiar plants are the Crocus, Iris or 
Flag, and Freesia. Most of them perennate by means of 
corms (Crocus, p. 88, Fig. 55), or sympodial rhizomes (many 
species of Iris). The leaves are often equitant and isobilateral 
(Fig. 113), e.g. Iris. 

The inflorescences are usually small cymes variously 
arranged. Thus in the Iris the flowering axis ends in a flower 
(which opens first), and has small lateral cymes each invested 
by a spathe. The flowers (Fig. 251 ) are hermaphrodite, regular 
(Iris and Crocus), or zygomorphic (Freesia), epigynous. 
Perianth of six segments in two series, gamophyllous, petaloid, 
superior. 

Androecium of three epiphyllous stamens; they represent 
the outer whorl, the inner whorl being suppressed, and arc 
situated between the carpels and the outer perianth segments. 
The anthers are extrorse and lie on the outer side of the 
styles. Gynaeceum tricarpellary, syncarpous; ovary inferior, 
trilocular, with oc anatropous ovules; placentation axile. The 
styles are united below, but free above, and sometimes expand 
into three large petaloid lobes (7m). Fruit a loculicidal 
capsule. Seed albuminous. 



Floral formula: P(3 + 3) A3 + 0 G(3). 

In the Crocus honey is secreted by a nectary on top of the ovary 
(which is at first underground), and rises to the mouth of the long 
slender perianth tube. The flowers are protandrous, and are pollinated 
by bees or butterflies, which touch the stigmas before the anthers. 
Failing cross pollination, self-pollination may occur. In the Iris (see 
Fig. 251) the anthers and pollen are protected by the petaloid styles. 
The stigmas are three thin membranes developed on the outer surfaces 
of the styles just above the anthers. Honey is secreted by the tissue 
of the basal portion of the perianth tube. A bee on entering the flower 
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first pushes against the upper 
surface of the stigma, which 
alone is receptive, and then 
brushes tho extrorse anthers. 
It is guided in many species by 
broad bands of hairs (known 
as the “ beard”) developed on 
the perianth segments. 

The Indian Iridaceae are 
perhaps best seen in Kashmir, 
where many species of Iris 
occur, both in the wild state 
and cultivated on the roofs of 
houses and in grave-yards. 
These, along with the Saffron 
or Kesar {Crocus sativus), which 
is largely grown in the Valley, 
form a notable feature of tho 
landscape in some parts of 
Kashmir. 


49. Musaceae. 

Distinguishing Char- 
acters. — Usually large 
herbs , with very large oval 
leaves and cymes or racemes 
of irregular flowers; peri- 
anth 3 + 3 free or united ; 
stamens 3+2 and a stami- 
node; ovary inferior of (3) 
carpels , 3 -locular; fruit a 
berry , capsule, or schizo- 
carp. 

Though a small family, 
this includes the import- 
ant genus Musa (Banana, 
Plantain). The plants of 
this genus are gigantic 
herbs, with what at first 
looks like a tall stem, but 
which in reality is the 
bases of the leaves rolled 



Fig. 251. Vertical Section of 
Flower of Iris. (After Church.) 


On the left are shown an outer perianth seg- 
ment, a petaloid style entire, and an inner 
posterior perianth segment cut in half. On 
the right an outer anterior perianth segment 
and a style are cut in half showing a stamen 
lying between them ; at the back is a lateral 
inner perianth segment (petal); s = stigma; 
bract and bracteoles are also shown. 
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one over another. The blades of the leaves are large and oval, 
with a stout midrib, and with parallel lateral veins running 
from it to the edge of tbe leaf. In windy weather the leaf tears 
down between these lateral ribs, so that it becomes practically 
equivalent to a pinnate leaf. In Ravenala , however, which is 
not infrequently cultivated for ornament, there is a genuine 
stem above the ground. 

The flowers are arranged in cymose or racemose inflores- 
cences, with large and brightly-coloured bracts, and are 
usually 9 . They have a petaloid perianth of two whorls of 
three leaves each, which may be free or united. The stamens 
are 5, with a staminode which represents the missing member 
of the inner whorl. The inferior ovary is of 3 carpels, tri- 
locular, with 1 to many ovules in each loculus, and ripens to 
a berry (as in the Banana and Plantain), a capsule, or a 
schizocarp. In the Plantain of cultivation, the seeds are 
usually absent, except in one variety, in which they are often 
to be found as hard round bodies in tbe flesh of the Plantain, 
but in the rest of the family they occur with mealy perisperm, 
or growth of the nucellar tissue of the ovule. 

Musa is the only important genus of the family, and includes 
the Banana and Plantain (Kela). The other genera are 
Strelitzia , Ravenala , and Heliconia , which are often cultivated. 
Strelitzia is pollinated by birds. 

50. Orchidaceae. 

Distinguishing Characters. — Herbs, often epiphytic , with 
aerial roots and often with pseudobulbs ; leaves alternate , simple ; 
inflorescence racemose , often a spike , of irregular , epigijnous , $ 
flowers variously adapted for cross pollination by insects; 
perianth in two whorls of 3, petaloid , very irregular ; stamens 
1 or 2, united to the style to form a column; ovary inferior of 
(3) carpels with oo ovules; fruit a capsule , seeds minute. 

This is the largest family in the flora of India, being repre- 
sented by about 1,600 species, mostly found in the mountain 
regions, especially of the Himalaya and Burma. Owing to 
the diversity of conditions under which they exist they show 
a great variety in habit and structure, some being land plants, 
some saprophytes, but the majority epiphytes. 
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The plant may be built up in one of several ways. Some- 
times it is a monopodium, the main axis growing steadily 
along, and bearing the flowers upon lateral branches; some- 
times it is a sympodium (Fig. 252), made up of successive 
portions, each of which first appears as a branch upon its 
predecessor, but takes up the straight line of the axis, while 
what was previously the main axis goes off to one side or aborts 



Fig. 252. Diagram of Sympodium of an Orchid. 

A, B, C, O, the shoots of successive years, Hie terminal portions marked a, b , c. 

A, a together form one year’s growth ; similarly with B, b, etc, 

altogether. The sympodium may be acranthom , the successive 
portions each in turn terminating in an inflorescence, or 
'pleuranthous, in which the flowers are borne on side shoots, 
and the temporarily main axis simply ends off short when it 
has given rise to the branch which will continue the straight 
line. 

The great bulk of the tropical orchids are epiphytic, living 
perched upon other plants without being parasitic upon them. 
The extreme lightness of their seeds fits them to reach such 
positions with ease, and their xerophytic habit fits them to 
retain possession of them when attained. Most of them are 
sympodial, but the group also includes the few monopodial 
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orchids. Among the most interesting features about this 
group of orchids are the roots, which arc of two or more 
different types. The plant is fastened to the supporting tree 
by clasping roots, which are not sensitive to gravity, but are 
negatively heliotropic, and curve away from the light into all 
the dark corners of the support. The latter forms a crevice 
with the body of the orchid, into which rubbish falls, and into 
this the plant sends absorbing roots, which are usually branches 
from the others, whilst finally there are the true aerial roots 
which hang down from the plant in festoons, and give it the 
characteristic appearance which is presented by most of these 
“ air-plants.” These roots look whitish on the surface, their 
appearance being due to the fact that they have a layer of 
dead, perforated, superficial cells (the vclamm), which acts as 
a sponge, soaking up the water which flows over them, whilst 
their internal tissues are green and perform the work of 
assimilation. 

During the dry season, many or most of the orchids drop 
their leaves, and rest in the condition of pseudo-bulbs, or fleshy 
swollen stem tubers, formed of one or more internodes, until 
the advent of the rains. Very often, however, they flower 
during this period. As a rule they form one pseudobulb every 
year, but usually many pseudobulbs may be seen alive side 
by side upon the same plant. 

The land orchids are comparatively few in the tropics, and 
have as a rule a rhizome of sympodial construction, which 
bends up at the end into the flowering and leafy shoot of the 
current year, the underground growth being taken up by a 
branch. Most of them, perhaps, form pseudobulbs to tide 
them over the period of leaflessness, but some form root 
tubers (Fig. 84). The saprophytic orchids are few T , and have 
already been described (p. 212). 

The inflorescence is racemosely constructed, and is perhaps 
most commonly a spike, which looks like a raceme owing to 
the fact that the long thin ovaries of the flowers resemble 
stalks. In some of the epiphytic orchids the spike is often 
very long, hanging down from the plant. 

The flower (Fig. 253) shows a great departure from the 
ordinary types to be seen in most families, and is very 
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irregular. The great majority of the family belong to the 
suborder Monandrac, with one stamen, but the Cypripediums, 
sometimes grown in conservatories, the Apostasias, which 
are to be found in Nepal, Assam, Ceylon, etc., and a few 
others belong to the Diandrae , with two stamens. We shall 
consider the former first. 

The perianth is in two 
whorls, petaloid, and epigy- 
nous. Its description is com- 
plicated by the fact that in 
most orchids the flower is 
turned through an angle of 
180°, or resupinated, as it is 
termed, so that the organs 
which are really anterior in 
development come to be pos- 
terior in the open flower. 

Remembering this, the actu- 
ally anterior, but really 
developmental ly posterior, leaf 
in the perianth of most 
species, forms a lip or landing 
place, the labellum, which is 
usually much larger than the 
rest of the perianth-leaves. 

In many orchids this resupi- 
nation does not take place. 

The structure of the labellum is 
often very complicated, in correspondence with the complicated 
nature of the mechanisms for pollination of the flower. The 
other five leaves of the perianth are usually normal coloured 
leaves, fairly uniform in appearance. Facing the labellum are 
the essential organs of the flower, united into a structure called 
the column, which may be variously regarded as an outgrowth 
of the axis, or as a union of the stamens and style. 

The construction of the column differs in the two subfamilies. 
In the monandrous forms (Fig. 254) the column exhibits an 
anther at the top, with under it a more or less projecting beak, 
the rostellum, and under this again two stigmas, which are 



Fig. 253. Flower, Column, and 
Pollinia of Ipsea speciosa. 
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usually more or less completely confluent into one. The single 
anther represents the really anterior one of the outer whorl — 
assuming for the moment that the flower is derived from one 
with two whorls of anthers — whilst the remaining five are 
entirely absent, though in Orchis , which is common in Britain, 

and which is represented in the 
connective diagram (Fig. 255, b), the two 

uciOt pollinium remaining stamens of the outer 

\ViWi/a -Caudicle whorl are represented by sta- 

CjyV .y7Tl > staminode minodes. The two fertile 
-V glandula stigmas are the posterior pair, 
J /--- rostellum anc ^ third is represented 
by the rostellum. In the 
i ! "" stigma Diandrae, on the other hand, 

Fig. 25 4. Central Part of there is a simple stigma on the 

Flowek of an Orciiic. cohl composed 0 f all three 

united, and three are two 
anthers, which belong to the inner whorl, and no rostellum 
(Fig. 255, a). There is usually a big staminode, representing 
the stamen which is fertile in the Monandrae. The ovary in 
almost all the family is unilocular with three parietal placentas, 
but in Apostasia it is trilocular. 


Fig. 254. Central Part of 
Flower of an Orchid. 

Perianth segments removed. 



Fig. 255. Floral Diagrams of Orchidaceae. 

A, Cjpripedium ; B, Orchis. 


Further complications come in in the internal structure of 
the anther, where the pollen, instead of being in grains as 
usual, is united into masses called pollinia, which may be of 
any even number from 2 to 8. In these pollinia the pollen 
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grains are tied together by elastic threads, which unite at the 
base to form a cord, the caudicle , which runs down into the 
rostcllum, where it is often united to a sticky disc or glandula, 
formed of disorganised cells (Fig. 1G(*>, c). 

We have described the simpler construction which may be 
found in a great many orchids, but usually it is more complex 
than this; very often there are outgrowths of the summit of 
the receptacle, carrying the labellum and other perianth leaves 
out to the end of a chin , which makes the other leaves of the 
perianth look as if they sprang from the labellum. 

The fruit is a capsule, containing a vast number of very 
minute seeds. The ovules do not develop until pollination 
of the flower has taken place. The seeds are well adapted for 
wind-dispersal, floating in the air like dust. 

N o f amil y of plants has aroused so much interest as the orchids 
with regard to mechanisms for pollination, these being of the 
most extraordinary variety and complication. The standard 
work on this subject, and one which can always be read with 
great interest, is Darwin’s Fertilisation of Orchids. As most 
of the Indian forms have not been examined in this respect, 
only a few general features can be described. 

The general object being to get the whole pollinium removed 
and inserted in the stigma of another flower, the various 
mechanisms are devised so as to secure this end. As the 
insect enters the flower, it usually depresses the rostcllum, and 
comes into contact with the sticky disc which is therein 
enclosed, and which when exposed to the air hardens, fastening 
the pollinia firmly to the insect. To allow of this taking place 
properly, the insect must be detained some time in the flower, 
and this is secured by there being no free honey, so that the 
visitor has to bore into the tissue of the spur, or other part 
of the base of the flower. He then flies away with the pollinia 
attached to the head, and inserts them into the stigma of the 
next flower visited; sometimes the pollinia after attachment 
undergo movements to place them in the suitable position. 

The number of orchids in the flora of India is enormous, but they are 
mostly confined to the hills. Zeuxiwe sulcata , however, is ubiquitous in 
the plains. The Orchids of North-west Himalaya are remarkable in 
being mostly terrestrial, while epiphytic species preponderate in the 
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Eastern Himalaya. Many species of Coelogync , Vanda , Dendrobium 
and Habenaria. are found. Some species of the last-named genus have 
spurs several inches long. Spiranthes (the Lady’8 Tresses), so called 
because of the spirally twisted flowering shoot; Neottia (the Bird’s Nest 
Orchid); Cypripedium (the Lady’s Slipper Orchid), whose generic name 
has reference to the shape of the labellum; and Satyrium , which has two 
spurs, are among the most interesting of Himalayan orchids. The only 
orchid of any economic importance is Vanilla planifoha , whose pods, 
carefully collected and dried, form the vanilla of commerce, but there 
are many of the family which are extremely popular in cultivation on 
account of their beautiful flowers. 



PART III. 

VASCULAR CRYPTOGAMS AND 
FLOWERING PLANTS. 

CHAPTER XIV. 

THE VASCULAR CRYPTOGAMS OR 
PTERIDOPHYTA. 

1. It is necessary to study several types if we wish to 
obtain a clear idea of the characters and course of the life- 
history in Vascular Cryptogams, and if we wish, further, to 
trace the morphological and developmental resemblances, i.e. 
homologies , which exist between them and the Flowering 
Plants. The life-histories of the Fern, Horse-tail ( Equisetum ), 
and Selaginella are suitable for this purpose. 

A. Life-History of the Fern. 

2. General Characters. — The Ferns are by far the most 
important group of the Pteridophyta or Vascular Cryptogams. 
They are for the most part shade- and moisture-loving plants, 
and grow abundantly in woods, hedges, and on hill-sides. A 
few% however, are xerophilous, and in the tropics there are 
many epiphytic forms. 

The fern-plant shows a well-marked differentiation into 
root, stem, and leaf. The stem has various forms — e.g. in 
the Tree-ferns of the tropics it is aerial, erect, and unbranched ; 
but in most cases it is a rhizome , growing either horizontally 
or obliquely upwards through the soil. The roots are fibrous 
and adventitious , being developed from the surface of the 
rhizome or from the leaf-bases. The leaves are always large 
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and highly developed. The lamina is sometimes entire ( e.g . 
the Hart’s-tongue Fern) but is usually much divided. 

We shall consider here Aspidiutn (Lastrca) Filix-mas, the 
Male Shield Fern, and Pteris aquilina, the common Bracken. 
Both these Ferns occur in India, the bracken being found 
practically all over the world. 



ROOTS 

Fig. 256. Rhizome of Aspidium. 

A, Upper part, from which the older leaves have been cut off at the base 
and most of the roots removed ; B, diagrammatic transverse section. 

3. Rhizome, Leaf, and Root. — The rhizome in Aspidium 
(Fig. 256) is almost erect, its apex just reaching the surface. 
It is a stout structure, and its surface is covered and concealed 
by numerous persistent leaf-bases. There is usually no lateral 
branching, but adventitious buds are developed on the bases 
of the leaves, and these may separate to form new plants. 
Lateral branching occurs in many ferns, but it is rarely axillary. 
As the rhizome grows in front, it gradually decays and dies 
off behind; in this way the adventitious buds or the lateral 
branches become separated, and form independent rhizomes. 

The leaf is large, compound, and much branched. The 
dark-coloured base of the petiole is continued upwards as 
the rachis y which bears the green, flattened pinnae and pin- 
nules. A rosette of leaves unfolds each year, but each leaf 
takes two years to develop. All the young leaves and the 
bases of the old leaves are covered with numerous brown 
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ramenta (p. 62), which are characteristic of Ferns in general. 
The ptyxis of the leaf is circinate (p. 151); this also is charac- 
teristic; each leaf is rolled on itself like a crosier from the 
apex to the base. The venation is described as furcate or 
divergent. One main vein enters each pinnule and gives off 
branches, which bifurcate and end near the margin without 
anastomosing. 

The fibrous adventitious roots are developed chiefly from 
the bases of the leaves. 


The dorsiventral rhizome in the Bracken is an elongated straggling 
structure which grows horizontally through the soil and branches at 
intervals. The branching is really lateral, but simulates dichotomy. 
As in Aspidium . , adventitious buds are developed at the bases of the 
petioles. Only one leaf is unfolded each year on each branch of the 
rhizome. It unfolds in the spring of the third year after beginning its 
development. The leaves are separated by long internodes. The 
rachis is branched. In some ferns adventitious buds are developed on 
the upper surface of the lamina. They may 
separate, strike root, and form now plants. 

4. Structure of the Rhizome. — Fig. 

256, B, represents a transverse section 
of the rhizome. It shows a series of 
vascular bundles arranged in a ring. 

The ground-tissue is chiefly parenchy- 
matous, but there is a hypodermal band 
of sclerenchyma. In the ground-tissue 
outside the ring there is a number of 
small bundles passing out to the leaves. 

Fig. 257 shows a portion of the 
vascular system isolated. The bundles 
of the ring fuse at intervals and form a 
cylindrical network surrounding the 
pith. The meshes of the network 
correspond to the insertion of the 
close-set leaves, and are therefore called 
the foliar gaps. The bundles passing 
out to the leaves are given off as 
branches from the edges of the foliar gaps. There is no 
secondary growth. 


FOLIAR GAP 



Fig. 257. Part or the 
Vascular System of 
Aspidium dissected 
out. 
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5. Structure of the Bundle. — The outline of the bundle in 
transverse section (Fig. 258) is more or less oval or elliptical. 





OUTER 

' ENDODERMIS 
__ INNER 

VrsT~ ENDODERMIS 


PERICYCLE 


PROTOPHLOEM 
- SIEVE TUBES 


PARENCHYMA 


TRACHEIDES 


=4 CO 


PROTOXYLEM 

Fig. 258. Bundle of Aspidium. 

(Transverse section.! 

In the middle is a mass of wood or xylem consisting chiefly 

of long slender scalariform tracheides (Fig. 259) and small- 

celled xyle?n-parenchyma con- 

taining starch. The bundle, 

fe'slsj according to its size, may have 

_ C p one, two, or three small proto- 

Cp„ a xylem groups. These consist of 

OO small spiral tracheides. Fre- 

C quently one is found at each end 

A 8 of the xylem. 

The xylem is surrounded by 

Tt™JL C tt A r° R f the phloem. This consists of a 
Tracheides of b erns. . r . . . . . , . . , , 

A. B. Small port, on. of trachaide, la y« ° f Sieve-tubes With ESSOCiated 

in surface- view ; c, portion of parenchymatous cells (phloem- 

tile wall in longitudinal section x r/ v 1 . r ,1 • 

a = torus of bordered pit. parenchyma), and, outside this, a 

narrow irregular layer of small 
fibrous cells, the protophloem. In longitudinal sections the 
sieve-tubes are seen to consist of narrow elongated pointed 




Fig. 259. SCALAHTFORM 
Tracheides of Ferns. 

A, B, Small portions of tracheides 
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cells with albuminous contents. The sieve-tubes contain 
no starch; numerous sieve-plates are present on their lateral 
walls only; there are no companion-cells. These points are 
characteristic of ferns. 

Outside the protophloem are the pericycle and bundle- 
sheath. Typically each of these consists of a single layer 
(Fig. 262); but in Aspidium and other ferns, the bundle- 
sheath is double round the greater part of the bundle (Fig. 
258). The cells of the pericycle and inner layer of the bundle- 
sheath contain starch and are called the phloem- sheath. The 
outer layer of the bundle-sheath consists of thickened cells 
and presents the characters typical of an endodermis. Where 
the bundle-sheath is a single layer the pericycle constitutes 
the phloem-sheath. 

6. The Stelar System in Ferns. — The simplest type of vascular structure 
met with in the stem of Ferns is the Protostele* consisting of a solid 
mass of xylom (or xylem mixed with parenchyma) completely surrounded 
by phloem, pericycle and endodermis in regular order, as shown in 
Fig. 260, a. The vascular supply of the leaf (leaf -trace) comes off as a 
small strand (also consisting of xylem surrounded by phloem, pericycle 
and endodermis), which may be either rod-like (Fig. 260, a), or gutter- 
shaped with the concavity turned towards the stem. 

Other Ferns possess a Solenostele, which is a tube of xylem lined 
both internally and externally with phloem, pericycle and endodermis, 
these tissues occurring in the reverse order on the insid^ (Fig. 260, b), 
bo that the internal endodermis immediately surrounds a pith which 
occupies the centre of the stele. The leaf-trace in these solenostelic 
Ferns usually arises as a single gutter-shaped strand (Fig. 260, b, 6), 
which higher up in the leaf may divide up into several pieces. But an 
important fact is that there is almost always a gap in the xylem tube 
just in front of an off -coming leaf -trace. This gap is called a leaf -gap 
or foliar gap ; it closes up some distance in front of the leaf-trace. At 
the margin of the gap the internal endodermis, pericycle and phloem 
meet the corresponding external tissues, and place the central pith into 
communication with the cortex of the stem. Hence if we dissect out 
only the xylom portion of such a stem we would obtain a hollow cylinder 
which is perforated by an elongated gap wherever a leaf arises. A trans- 
verse section of such a cylinder would therefore be either C-shaped or 
0-shaped according as it does or does not pass through a leaf-gap. 

In solenostelic Ferns the leaves usually do not arise at short intervals,, 
so that the leaf -gaps do not overlap. No single transverse section will 
pass through more than one gap^on the other hand many of the sections 
will be gap-less (0 : shaped). If, However, we imagine the leaves to be 
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crowded together on the stem, each leaf producing a gap in tho vascular 
cylinder^ we obtain a Dictyostele, so called because of tho net-like 
character of the cylinder (Fig. 260, c); and Figs. 256 and 257). The 
leaf-trace Js updally compound, that is, it consists of several small 
Steajids. as a rule clearly arranged in an arc, and are together 



LEAF GAP 


DETACHED LEAF 


LEAF 


Fig. 260. Diagrams to illustrate Types of Vascular System 
in Ferns. 

A, a, Protoatele ; B, b, Solenostele ; C, c, Diotyostele. 

equivalent to the undivided C-shaped trace of the solenostelic Ferns. 
In a dictyostele the leaf-gaps are so crowded that it is impossible to 
avoid cutting several (at least two) of them in the same transverse 
section; hence such a section shows the cylinder broken up into a ring 
of smaller strands ( meristeles ), each resembling a miniature protostele. 
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Of tlie throe main types of vascular system above described, the 
protostele is generally met with in tho more primitive Ferns ( Hymeno - 
phyllum , Trickomanes , Oleicftenia spp., Lygodium ), the dietyostele in 
the higher Ferns (many Poly pod iaceae, such as Aspidium ), whilo a 
large number of Ferns of an intermediate grade of evolution are soleno 
stelic ( Adiantum pedatum, a common Himalayan Fern, among others). 

There are also many Ferns (e.g. Pteris aquiiina and Tree-Ferns) which 
do not quite agree with any of these three types, but these variations 
need not bo described. 

Hitherto we have considered the stelar system of only the fully 
developed stems. But if we trace the development of a dictyostelie 
Fern -stem from its earliest stage to the adult condition, we generally 
find that the young sporopliyto has a protostele. This protostele, as 
we trace it forwards into the later-formed parts of the stem, becomes 
hollowed into a solenostele, and finally, in the mature stem, there is a 
dietyostele. Thus in a dictyostelie Fern a scries of transverse sections 
from tho base of the stem upwards will show, in turn, a transitory 
protostele, a transitory solenostele, and a permanent dietyostele. This 
discovery is one of the strongest botanical evidences in favour of the 
Recapitulation Theory, according to which an organism during its 
individual life-time more or less closely repeats its evolutionary history. 

7. In the Bracken Fern (Figs. 

261 and 262) there are two series 
of bundles, between which lie two 
stout bands of sclerenchyma. 

The outer bundles arc more 
numerous, but smaller. The 
hypodermal sclerenchyma does 
not form a continuous band; it 
is interrupted on each side of tho 
rhizome, and at these points the 
parenchymatous ground-tissue 
reaches tho epidermis. It is in 
this way that provision is made 
for the transference of oxygen to 
the more deeply situated tissues. 

A regular cylindrical network of 
bundles is usually not found in 
ferns with dorsiventral rhizomes 
(Bracken, etc.). Tho leaves are 
few in number, and the foliar gaps are very much elongated. Thus 
the bundles form long, irregular strands, which fuse only at consider- 
able intervals. 

8. Structure and Development of the Root. — The root 
contains a number of xylem and phloem strands situated on 
alternate radii. In Aspidium and most other Ferns the stele 
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PARENCHYMA 



PER I PH. SCLERENCHYMA 

Fig. 261. Rhizome of PteriS^ 

(Diagrammatic transverse section.) 


I. BOT. 
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is diarch (see p. 130). The pericycle and endodermis are single 
layers of thin-walled cells. In the older parts of the root 
the cortical tissue immediately outside the endodermis is 
usually strongly lignified, and forms a stout strengthening 
sheath. The outer cortical tissue is parenchymatous. The 
outermost layer is the piliferous layer. There is no secondary 
growth. 



Fig. 202. Bundle of the Rhizome of Pteris. 


(Transverse section.) 


Lateral branch-roots, while they are endogenous in origin, 
are not developed, as in Flowering Plants, from the pericycle, 
but from the endodermis. They arise opposite the proto- 
xylem. These root-producing cells of the endodermis are 
called rhizogenic cells. In the same way the adventitious 
roots developed from the rhizome or petiole take their origin 
in rhizogenic cells of the endodermis investing a bundle. 

9. Apex of Rhizome and Root (Fig. 263). — At the apex of 
the rhizome there is, as in Flowering Plants, a mass of meri- 
stematic tissue. An important difference, however, must be 
noticed. In the Fern there is at the extreme apex one very 
large distinct cell from which all the tissues are produced. 
This is the apical cell. There is no such single cell in Flowering 
Plants. 
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In the rhizomes of most ferns (e.g. Aspidiwn) this cell is 
bounded by four walls — three flat walls meeting in a point 
below, and a curved wall closing in the cell on top. The cell, 
therefore, is tetrahedral in form, its apex being directed 
inwards. Segments are cut off, in succession , parallel to the 
flat walls. After the formation of each segment, the apical 
cell increases to its original size. The segments arc indicated 
in the figure. There are no segments cut off parallel to the 
curved wall in the rhizome. 

In ferns with distinctly dorsiventral rhizomes (e.g. Bracken) 
there is a two-sided instead of a three-sided apical cell, and 
there are, therefore, only two instead of three series of seg- 
ments. 



Fig. 203. Apex of Rhizome and Root of Fern. 

A, Rhizome ; B, Root. (Diagrammatic longitudinal sections.) 


The segments cut off undergo division, and thus the tissues 
of the rhizome are produced. The first division is into inner 
and outer halves (Fig. 263, a). The tissue formed by division 
of the outer halves corresponds to periblem and gives rise to 
the cortical ground tissue. All the vascular strands make their 
appearance in the tissue which is formed from the inner halves, 
and which corresponds to plerome. The layer of ground-tissue 
immediately surrounding each vascular strand forms an 
endodermis. It is evident that there is no distinct derinatogen 
layer ; the outermost layer of tissue is specialised to form the 
protective external covering, the “ epidermis ” of the rhizome. 
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In the root, also, there is a single apical cell. It lies just 
behind the root-cap. In all cases it is three-sided. The 
segments cut off parallel to the flat walls divide in the same 
way as in the rhizome; here also the inner halves of the 
segments constitute the plerome, from which the vascular 
cylinder is developed. The outer halves may be called the 
periblem. Segments are also cut off parallel to the curved 
wall, and give rise to the tissue of the root-cap. These seg- 
ments represent the dermatogen, and the root-cap is as usual 
to be regarded as a many-layered epidermis. The tissue 
of the root-cap does not persist behind the apex — hence, 
the piliferous layer is the outermost layer of cortical tissue. 
The endodermis represents the innermost layer of cortical 
tissue. 

10. Structure and Development of the Leaf. — The leaf is 
developed exogenously from a single superficial cell of the 
growing point. This cell persists at the apex of the leaf as a 

two-sided apical cell until an adult 
condition is reached. A number of 
vascular strands enter the petiole 
from the rhizome (Figs. 256, b and 
257). These branch out into the 
pinnae, where they maintain their 
concentric structure; but in the 
pinnules they break up into bundles 
which are more or less collateral. 
As is usual in shade-loving plants 
the palisade and spongy layers of 
mesophyll are not very sharply differ- 
entiated, and the ordinary epidermal 
cells have chloroplasts. Stomata are 
confined to the lower surface of the leaf. 

11. Sporangia and Spores. — Early in the summer a number 
of structures called sori appear on the under surface of the 
pinnules of the leaves. These are at first of a light green 
colour, but when older they become dark brown (Fig. 264). 
They are developed immediately over the veins. 



Fig. 264. Pinnule of 
Aspidium bearing Sori. 

Theindusium hats been removed 
from one placenta, the indu- 
aium and sporangia from 
another. 
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If a young sorus he carefully removed and examined with a 
lens, it will be found to consist of a collection of very small 
stalked bodies called sporangia which are covered over and 
protected by a horse-shoe-shaped scale called the indusium. 
The sporangia and indusium are both developed on a little 
cushion of tissue, the placenta, formed immediately over a 
vein. The relative position of these various parts is clearly 
shown in Fig. 205, which represents a transverse section of a 
pinnule passing through a sorus. In some ferns in which the 


ALISADE MESOPHYLL 





SPORANGIA 

Fig. 265. Sporangia of AsriDiuM. 

(Transverse section through a. pinnule and sorus.) 

sori are arranged as in Aspidium there is no indusium. A 
sorus, therefore, may be described as a collection of sporangia 
developed on a placenta, cither with or without an indusium. 

The fully formed sporangium (Fig. 266) is a small structure 
consisting of a tiny capsule borne on a slender multicellular 
stalk. Tho stalk in Aspidium often bears a little glandular 
cell (Fig. 265), the function of which is doubtful. The capsule 
is biconvex, and its wall consists of a single layer of cells. 
The cells are small and thin-walled except round the edge of 
the capsule, where they are large, specially thickened, and 
cutinised. This specialised layer, which, however, is incom- 
plete on one side, is called the annulus. 

Inside the capsule lies a loose powdery substance which 
on examination is found to consist of extremely small repro- 
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ductivc bodies called spores. Typically sixty-four of these 
are produced inside each capsule; but there are usually only 
forty-eight in Aspidium. A sporangium, therefore, is a 
reproductive organ containing spores. The spore, which is 
of a brown colour and irregular or somewhat triangular in 
shape (Fig. 266), is a single cell consisting of protoplasm and 
nucleus invested by a wall which is differentiated into two 
layers or coats. The inner layer, catfed the endosp'orium , is 
thin, and consists of cellulose; the outer, called the exosporium , 
is thickened and cutinised. 



Fig. 266. Sporangium Fig. 267. Sporangia op Ptehis. 

AND Spore OF Fern. a, Two fertile pinnules ; H, Transverse 

section of pinnule. 


Pteris (Fig. 267). — The sporangia and spores have the same structure 
and appearance as in Aspidiurn , except that no glandular cell is developed 
on the stalk of the sporangium. The sporangia, however, are differently 
arranged. Instead of being grouped together in small sori, they are 
developed in a continuous series on a placenta running along the under 
margin of the pinnule. In other words, there is a continuous linear 
sorus. On the inner side of the placenta in the common Bracken (not 
in all species of Pteris) there is a delicate membrane of a yellow colour, 
representing a true membranous indusium. The margin of the pinnule 
also, by bending over, serves to protect the sporangia, and is termed 
a false indvsium . Between the sporangia are epidermal outgrowths 
(hairs) called paraphyses . 


12. Development of the Sporangium (Fig. 268).— The 
sporangium is developed from a single epidermal cell of the 
placenta. The cell in question grows out and forms a little 
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protuberance, which is cut off by a wall. It is then divided 
transversely into two cells (a). The lower cell, by further 
longitudinal and transverse divisions, develops into the stalk. 

The upper cell produces the capsule. First of all (b) a 
series of outer cells is divided off from a large central tetra- 
hedral cell by four walls resembling those bounding the apical 
cell of the rhizome, i.e. 
three flat and one curved 
(only two of the flat 
walls can be shown in 
the figure). The outer 
cells, by further divi- 
sions at right angles to 
the surface, form the 
single-layered wall of 
the sporangium. 

The tetrahedral cell 
is called the archespor- 
ium. It under-goes 
division by walls formed 
parallel to the first set 
(c). The outer cells so 
cut off undergo further division, and are called tapetal cells. 
The remaining central cell is the archesporium proper ; by 
repeated cell-division it produces, typically, sixteen spore- 
mother-cells (d). These separate from each other, and, 
owing to the disorganisation of the tapetal cells, float freely 
in a fluid filling the cavity enclosed by the sporangium wall. 

The nucleus of each mother-cell divides meiotically into 
two, and these two divide again karyokinetically, so that 
four nuclei are formed. Then cell- walls are laid down between 
the nuclei, and thus the mother-cell is divided into four cells, 
called the “ special mother-cells” in each of which a spore is 
formed by rejuvenescence (p. 48). The protoplasmic contents 
of each special mother-cell form a cell-wall which is differ- 
entiated into exosporium and endosporium. The walls of the 
special mother-cells are disorganised and the spores lie free 
in the cavity of the sporangium. The developing spores are 
partly nourished by th^ fluid formed by the breaking down 


wall-archespor. 


CAPSULE CELL 
\ STALK CELL 



Fig. 268. Development of the 
Sporangium of tiie Fern. 
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of the tapetal cells, and food-materials are conveyed to them 
through the stalk of the sporangium. 

During development some of the cells of the wall of the 
sporangium are specialised to form the annulus. The arche- 
sporium may be defined as the ineristematic cell or cells (single 
cell in the Fern) which are found in a developing sporangium 
and give rise to the spores. 

13. The Sporophyll.— A leaf bearing sporangia is called a 
sporophyll. In most ferns the sporophylls more or less 
resemble the ordinary foliage leaves ( Aspidium and Pteris). 
They are simply leaves which function both as vegetative and 
reproductive organs. In some ferns, however, the sporophylls 
differ considerably from the foliage leaves (e.g. Ostnunda 
regalis , the Royal Fern); but there is never a specialised 
reproductive shoot distinct from the ordinary vegetative one 
(see p. 8). 

14. Germination of the Spore (Fig. 269). —When the 
sporangium is ripe, the cells of the annulus become dry, 
contract, and thus put a strain on the thin part of the edge 
of the capsule. The latter bursts open at this point, the 
stomium (Fig. 266), and the spores are set free. 

If a spore falls in a suitable soil, it germinates. For germin- 
ation a supply of oxygen and sufficient warmth and moisture 
are required. When these conditions are fulfilled the exo- 
sporium is ruptured, and the endosporium grows out into a 
short tube. From this a colourless hair resembling a root- 
hair, and called a rhizoid, arises, and passes down into the soil. 
The tube (germ- tube) elongates, and forms at first a short 
filament divided into cells by a series of parallel transverse 
divisions (Fig. 269, a). After that, divisions are formed in 
the other two planes, and a small green fiat plate of tissue is 
produced. This, in early stages, grows by means of a two- 
sided apical cell (b), but later by a group of ineristematic 
cells. Owing to the more rapid growth of the marginal cells 
the plate eventually becomes more or less heart-shaped. The 
structure thus developed is called the prothallus or pro- 
thalliu?n (c). 
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15. The prothallus is a very small flat plate of tissue, 
measuring only one-fourth or one-third of an inch across. It 
consists of rounded parenchymatous cells, containing numerous 
chloroplasts. Towards the margin it consists of a single 
layer, but in the central region it is thickened, owing to the 
division of its cells parallel to the surface. This thickened 
region is called the cushion . Long, brown, unicellular 
rhizoids, resembling root-hairs, are developed from the cells 
of the under surface, and pass down into the soil. 



Fig. 269. Germination of Spore and Development of Protiiallus 

of Fern. 

It will be recognised that the prothallus is an independent 
plant . By means of its chlorophyll it can assimilate the 
carbon dioxide of the atmosphere, and by the aid of its 
rhizoids it absorbs nutritive salts from the soil. It is a 
distinct self-sustaining plant, whose vegetative body is a 
thallus (p. 7). Owing to its thinness gases can penetiate 
to all parts with relative ease, and hence no stomata are 
developed upon it. 

16. The Sexual Reproductive Organs (Fig. 269, c) are 
produced on the under surface of the prothallus — the anthe- 
ridia, or male sexual organs , on the posterior region, the 
archegonia, or female sexual organs , on the cushion in the 
anterior region near the notch of the heart-shaped prothallus. 
The antheridia are developed first. 
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The antheridium (Fig. 270, c) is a spherical capsule, the 
wall of which consists of a single layer of cells containing 
chloroplasts.* Inside are a number of small cells called 
spermatocytes, or spermatozoid mother-cells , each of which 
gives rise to a male sexual cell, or gamete, the spermatozoid 
(or antherozoid) . 

The archegonium (Fig. 271, e) is a flask-shaped organ, 
consisting of two parts: (a) a swollen basal portion, the 
venter , completely sunk in the tissue of the prothallus; (b) a 
more slender portion called the neck, projecting freely from the 
surface. The venter contains a single large ovum, or egg-cell, 
which has no cell- wall. The neck consists of four longitudinal 
rows of cells surrounding a central canal, which is at first 
closed at the apex, and which leads down into the venter. 
The neck is not straight, but bends so as to face towards the 
antheridia. At the junction of the venter and the neck-canal 

there is another smaller 
nucleated protoplast, 
the ventral canal-cell, 
and the canal of the 
neck itself is filled 
with a protoplasmic 
mass containing several 
nuclei, which is called 
the neck-canal-cell. 

17. Development. — 

The antheridium (Fig. 
270) is developed from 
a single cell of the pro- 
thallus. The cell grows 
out to form a papilla-like outgrowth, which is cut off by a 
cell-wall. It increases in size, and two ring-shaped cells and 
a lid-cell, forming the wall, are marked off from a central cell 
in which the spermatoctyes are formed. 

The archegonium also is developed from a single cell (Fig. 
271, a-f). This cell divides into three. The basal cell (b) 
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Fig. 270. Development op Antheridium 
of Fern. 


* I n some forms the antheridium has a short unicellular stalk. 
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forms a portion of the tissue surrounding the base of the 
archegonium. The outermost cell (jb) is divided by two walls 
at right angles (only one can be shown in the figure) into four 
cells. These undergo further transverse divisions to form the 
four longitudinal rows of the neck (c-f). The protoplasm of 
the central cell (u) pushes its way between the neck-cells, and 


NECK NECK CANAL CELL 



Fig. 271. Development of Archegontum of Fern. 


a small portion is cut off as the neek-canal-cell (c). The 
remainder of the protoplasm of the central cell undergoes 
division to form the oosphere and the ventral canal-cell (e). 
The cavity of the venter of the archegonium is partly lined by 
prothallus cells. 

18. Fertilisation (see p. 48). — When mature, the antheridium 
bursts open at the apex owing to absorption of water by the 
two ring-shaped cells forming the wall and the consequent 
pressure exerted by them on the contents of the antheridium 
(Fig. 270, d). The spermatozoid mother-cells are thus set 
free and the spermatozoids escape from them. 
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Each spermatozoid is a spirally coiled body bearing towards 
its slender anterior end a number of fine protoplasmic vibratile 
threads called cilia. The greater part of the spermatozoid is 
formed from the nucleus of the mother-cell (spermatocyte), 
but the protoplasm of the mother-cell forms the ciliated region 
together with a little vesicle, containing starch grains, which 
remains for some time attached to the posterior end of the 
spermatozoid. 

The spermatozoids move about in the water by means of 
their cilia. Sooner or later they come into the neighbourhood 
of archegonia. When an archego nium is ripe the two canal- 
cells are disorganised and give rise to a mucilaginous substance 
which oozes out of the neck of the archegonium (Fig. 271, f). 
This substance contains malic acid, which attracts the sper- 
matozoids (chemotaxis — see p. 218). They cluster round 
the neck of the archegonium, and, finally, one enters the 
canal, and passes down to the venter. It penetrates the 
oosphere and its nucleus fuses with that of the oosphere (cf. 
Angiosperm, p. 281). The fertilised oosphere forms a cell- 
wall and is then called the oospore . 

Although the prothallus bears as a rule both kinds of sexual 
organs, and is therefore hermaphrodite (p. 238), cross-fertilisa- 
tion generally takes place, the spermatozoids developed on 
one prothallus passing to the archegonia of another. This is 
necessary because antheridia and archegonia are not developed 
simultaneously on a prothallus (cf. dichogamy, p. 273). 
Sometimes, in badly nourished prothalli, only antheridia are 
developed. 

19. Development of the Young Fern-Plant (Figs. 272 and 
273). — The oospore begins to divide or segment, and this 
process of segmentation leads finally to the development of 
an embryo. The first division-wall is nearly parallel to the 
long axis of the archegonium. It is called the basal wall, 
and divides the oospore into anterior or epibasal and posterior 
or hypobasal halves. A second wall, the transverse or quad- 
rant w^all, at right angles to the basal wall, divides the oospore 
into upper (superior) and lower (inferior) halves. The oospore 
now consists of four cells (quadrants). Then a median or 
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octant wall at right angles to the first two divisions divides 
the oospore into right and left halves. The oospore now 
consists of eight cells or octants (Fig. 272). 

Of the two superior anterior octants one becomes the apical 
initial cell of the primary stem, 
the other takes no special part 
in the development. The two 
inferior anterior octants give 
rise to the first leaf or cotyledon. 

Of the two inferior hypobasal 
octants, one becomes the apical 
cell of the primary root: it is 
diagonally opposite the cell 
which produces the primary 
stem. The two superior hypo- 
basal octants give rise to an 
embryonic organ called the foot. 

This is a massive structure 
which absorbs nourishment from 
the prothallus for the developing embryo, till the latter can 
assimilate food-material for itself. 

Further cell-division, of course, takes place in the octants 
marking out the plerome of root and stem. The primary 

PROTHALLUS 
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Fig. 273. Embryo of Fern attached to Prothallus. 

(Longitudinal section.) 


INFERIOR INFERIOR 

EPIBASAL HYPOBASAL 

Fig. 272. Segmentation of 
the Oospore of Fern. 

The arrow points anteriorly. (Dia- 
grammatic.) 



stem and cotyledon break forth from the under surface of the 
prothallus, then bend upwards, make their way through the 
notch of the prothallus and come above ground, where they 
become green.* New leaves are developed, and gradually 
* The cotyledons of many ferns are able to turn green in darkness. 
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the stem becomes the rhizome of the fern-plant. The primary 
root is not persistent. At a very early period its place is taken 
by adventitious roots developed from the stem and leaf-bases 
(cf. Monocotyledons). 

As a rule only one embryo is formed on a prothallus, which 
then dies. In some ferns, however, the prothallus has a longer 
life, and may reproduce itself vegetatively by means of 
branches, or little outgrowths of meristematic tissue called 
gemmae. 

20. Sporophyte and Gametophyte. Alternation of Genera- 
tions. — It will be noticed that in the life-history of the Fern 
there are really two plants to be considered. These are spoken 
of as the two stages or generations of the life-cycle. There is 
first the fern-plant, so called because it is by far the more 
conspicuous of the two. It is spoken of as the sporophyte or 
asexual generation, because it is the generation which bears 
the asexual reproductive organs, sporangia and spores. Then 
there is the prothallus, which is called the gametophyte or 
sexual generation, because it is the generation w^hich bears 
the sexual reproductive organs and the sexual cells or gametes 
(the ovum and spermatozoid). 

Now it will be seen that a young sporophyte is not derived 
directly by a sexual process from the parent sporophyte, for a 
gametophyte generation is interposed between them. In the 
life-cycle there is an alternation of sporophyte and game- 
tophyte. This is spoken of as the alternation of generations. 
The student must observe this phenomenon very carefully, as 
it is exhibited by all the higher plants (Mosses, Vascular 
Cryptogams, and Phanerogams) in some form or other. We 
have explained it in connection with the Fern because it is 
most clearly exhibited in the group of the Vascular Crypto- 
gams, but it will be shown later (Chap. XV.) that it is present 
also in a modified form in Flowering Plants. 

21. Number of Chromosomes. — As meiosis occurs at the first division 
of the spore mother-cells, it is evident that the spore and the game- 
tophyte developed from it are haploid (see p. 46), while the sporophyte 
developed from the fertilised oosphere is diploid. In the higher plants 
the reduction and doubling of the chromosomes are intimately associated 
with the Alternation of Generations. 
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22. The Reproductive Processes. — It will be noticed that 
both sporophyte and gametophyte begin their development 
from a single cell, the young sporophyte from an oospore 
formed as the result of a sexual process (fusion of gametes), 
the gametophyte from a spore formed asexually. This is 
characteristic of sporophyte and gametophyte wherever there 
is alternation of generations, the reproductive bodies formed 
in the one generation giving rise to the other. In the life- 
cycle of the Fern, then, there is an alternation of generations, 
and asexual spore-reproduction forms an integral part of it. 

Vegetative reproduction is very clearly distinguished. It 
has no share in the alternation of generations, and simply 
lengthens the life-cycle, either at the sporophyte stage or at 
the gametophyte stage, i.e. either generation may directly 
and indefinitely reproduce itself by vegetative methods, 
without the intervention of the other generation. These 
points may be illustrated and the general life-history shown 
graphically in the form of a diagram (Fig. 274). 
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ARCHEG. ANTHERIO. 
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(GAMETOPHYTE) 

Fig. 274. Life-history of Fern graphically represented. 


23. Apogamy and Apospory. — While the reproduction of sporophyte 
and gametophyte is usually effected as above described, there are in 
some ferns exceptional cases whore either (a) the spore stage, or (6) the 
sexual process is, as it were, cut out of the life-cycle. The former 
condition is called apospory ; the latter apogamy (see p, 285). 

Various grades of apospory exist: (1) the formation of spores may be 
suppressed and the prothalli may develop directly from the young 
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sporangia; (2) prothalli may develop from the placentas in the place of 
sporangia; (3) they may develop vegetatively from any portion of the 
frond, without any indications of the formation of sori, sporangia or 
spores. 

In apogamy the young sporophyte may arise directly as a bud from 
the tissue of the prothallus without the intervention of sexual organs. 
This is vegetative apogamy. Or it may be developed from the unferti- 
lised oosphere. This is parthenogenesis or partlienogenetic apogamy 
(see p. 285). It will be noticed that these conditions tend to shorten 
the life-cycle, and to replace ordinary spore-reproduction or sexual 
reproduction by a kind of vegetative reproduction. 

It has also been found that the prothalli of a few cultivated ferns 
may actually produce normal sporangia containing fertile spores, and 
thus reproduce themselves by .asexual means. The spores on germina- 
tion produce the usual prothalli, which may ultimately give rise to a 
sexually produced fern-plant. By such means as these the asexual 
generation may be suppressed for one or more life-cycles, which latter 
may subsequently resume their normal succession. 



Fig. 275. Equisetum. Diagrammatic Transverse Section 
of Stem. 

These phenomena have naturally stimulated cytological investigation. 
In some cultivated ferns where there is vegetative apogamy there is 
fusion of the nuclei of two prothallus -cells, and this fusion apparently 
takes the place of the normal fertilisation of an oosphere. It is reported, 
however, in the case of one fern, that a normal haploid prothallial cell 
may without nuclear fusion give rise to a haploid fern -plant. Again, in 
certain cases of apospory, diploid prothalli arise (there being no reduction 
division), and the vegetative cells of these diploid prothalli give rise 
without nuclear fusion to a new fern-plant. In certain cases where an 
unfertilised oosphere develops, it has been found to be diploid. 
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B. Equtsetum. 

24. General Structure. — Equisetum , is the only remaining 
genus of a large group of plants which were well represented 
in earlier periods of the earth’s history. Fossil remains of the 
group have been found in India. 

The plant which we call the Horse-tail is 
the sporophyte. It consists of a branching 
horizontal rhizome giving off aerial shoots and 
numerous adventitious roots. The leaves borne 
on the aerial shoots are small and scaly. They 
are arranged in whorls, and in each whorl are 
fused together to form a sheath, which invests 
the base of the internode above. Whorls of 
axillary branches may be produced at the 
nodes. In the stem there is a central air 
space, and outside this a ring of collateral 
bundles (Fig. 275). 

The sporophylls are produced at the apices 
of the aerial shoots. They are free and have 
the form of stalked peltate discs (Fig. 276), 
which are closely packed together in whorls, 
so that a cone-like mass is formed at the apex 
of the shoot. The lowest whorl is sterile and 
forms a collar-like structure known as the 
ring. This specialisation and aggregation of 
sporophylls should be carefully noticed. The 
reproductive region of the shoot is quite dis- 
tinct from the vegetative portion (see p. 8). 

Each sporophyll has on its under surface a 
group of sporangia containing spores. The 
sporangium as a whole is developed from a 
group of cells , although all the essential parts 
are derived from a single superficial cell. After the wall of the 
sporangium and the tapetal layers have been formed a single 
large archesporial cell remains, which divides to form spores. 
The sporangium has no annulus. 

The sporangiferous “ spikes,” as the cone-like structures of 
Equisetum are called, are borne either at the apices of ordinary 
I. bot, 27 


i\! 



STALK 

Fig. 276. 
Equisetum. 

A, Apex of fertile 
shoot ; B, A 
sporophyll. 
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vegetative shoots, or, in some species, on special fertile or 
reproductive shoots which resemble the others except that 
they are unbranched and contain little or no chlorophyll. 


25. General Life-history. — The spores are all of one kind, 
Equisetum , like the Fern, being homosporous. When the 
spores fall to the ground and germinate, however, they 
usually give rise to prothalli of two kmds. Rome of the spores 
produce prothalli bearing antheridia only; others produce 
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Fig. 277. Life-history of Equisetum graphically represented. 
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prothalli bearing archegonia only. The student will remember 
we have an indication of the same thing occasionally in the 
Fern (p. 412). It has become the rule in Equisetum. The 
differentiation of sex has, as it were, been carried back from 
the sexual organs (antheridia and archegonia) to the structures 
bearing these sexual organs, so that we may now speak of 
male and female prothalli. 

The prothalli are unisexual, and the gametophyte is repre- 
sented by two plants. They are more or less lobed structures 
and as a rule the male prothalli are much smaller than the female 
ones. In other characters they resemble those of the Fern, 
as do also the sexual organs. Fertilisation is effected and an 
embryo sporophyte developed in much the same way. The 
life-history may be graphically represented as in Fig. 277. 
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C. Selaginella. 

26. General Characters (Fig. 278). — The plant is the sporo- 
phyte. The external vegetative characters vary considerably 
in the different species, which number over three hundred, 
and of which a large number occur in the hills in India. 
Many species are small, moss-like plants, with creeping stem 
and dorsiventral symmetry. Others are larger, and more or 
less erect and isobilateral. In the single British species, 
S. spinosa , while the main stem is creeping, the branches are 
erect and have radial symmetry. Some species are climbing 
plants, often growing to a great height. 

The slender stem usually bears four rows of leaves — two 
rows of small dorsal leaves on 
the upper surface, two of 
larger ventral leaves at the 
sides of the stem. The arrange- 
ment of the leaves seems to be 
opposite and decussate, one 
large and one small leaf appar- 
ently arising at each node. 

The leaves, however, are some- 
what twisted, and close exami- 
nation shows that each leaf 
arises from its own node, the 

dorsal leaf being slightly above . - 

the opposite ventral one. In fps 

the single British species all )}- R HiZOPHORE 

the leaves are of the same Fig. 278 . Selaginella 

size and the spiral arrange- Helvetica. 

ment is immediately obvious. 

In all the species a small membranous ligule is developed on 
the upper surface of the leaf at its base. 

The branches are developed from lateral buds which become 
visible near to the apex of the stem, but since they develop 
almost as rapidly and as strongly as it does, the branching 
assumes a dichotomous appearance. The branching is not 
axillary , and the branches all lie in one plane. 

The roots in some species are developed adventitiously on 
the stem ; in other species they are borne on peculiar specialised 


8PORANGIF 

SPIKE 
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branches, called rhizophores. These organs are intermediate 
in structure and development between roots and stems. 
Like stems, they have no root-cap, and are developed exo- 
genously; they resemble true roots in internal structure and 
in the fact that they bear no leaves or reproductive organs. 
We may infer, however, that they arc specialised stem- 
branches from the fact that occasionally they are found to 
develop into ordinary shoots. 

The rhizophores, when present, are given off from the 
lower surface of the stem, one from below each point where 
an ordinary branch arises. They grow down to the surface 
of the soil without branching, but on reaching the soil give 
rise, by endogenous development, to a number of true roots. 

The reproductive organs (Figs. 278 and 280), are produced 
at certain periods towards the apices of fertile or reproductive 
shoots. These reproductive shoots are more or less erect , 
and, in nearly all the species, bear spirally arranged sporo- 
phylls, which do not differ very markedly from the ordinary 
foliage leaves. 

The reproductive organs are sporangia and spores. One 
sporangium is developed in the axil of each leaf of the repro- 
ductive shoot. The sporangia are of two kinds, megasporangia 
and microsporangia, each of the former containing usually 
four large megaspores, each of the latter a large number of 
small microspores. Thus Sclaginclla is hetcrosporous. The 
same sporangiferous 4 4 spike ” usually bears both kinds, the 
microsporangia in the axils of the upper leaves, the mega- 
sporangia in the axils of the lower, although this is not always 
the case, for the megasporangia may occur in the middle of the 
spike. Vegetative reproduction (by tuber-like structures) is 
known in two Indian species, S. chrysocaulos and S. chrysorrhizos. 

27. Stem (Fig. 279). — In some species there is a single 
apical cell as in the Fern; in others, a group of two or three 
initial cells which by their divisions give rise to the tissue of 
the stem. This may be regarded as an intermediate condition 
between the single apical cell of the Fern and the small-celled 
meristem, showing dermatogen, periblem, and plerome, which 
is characteristic of Flowering Plants. 
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In some species the stem is protostelic ; in most species 
polystelic, with two or three bundles. Each bundle is sus- 
pended in the middle of a large air-space by a number of 
delicate trabeculae, which represent the stretched endodermis. 
These often have silica deposited upon them in the form of 
irregular plates, or annular deposits (Fig. 279, s). The bundle 
is concentric. The central wood, or xylem, consists of slender 
scalariform tracheides. According to the species one, two, or 
a number of protoxyiem groups can be distinguished. 

- — EPIDERMIS 

CORTEX 

AIR-SPACE 

' -ENDODERMIS 
PERICYCLE 
PHLOEM 
- XYLEM 

PROTOXYLEM 


Fig. 279. Stem of Selaginella spinosa. 

(Transverse section.) 

In S. spinosa the protostele of the lower part of the stem 
has a single central protoxyiem, i.e. it is endarch and monarch y 
but, higher up, the protoxyiem divides into from three to 
eight groups, which pass to the periphery of the xylem so 
that the stele becomes exarch and poly arch (Fig. 279), and cf. 
roots, p. 127). This exarch arrangement of xylem in stems 
is found only in the group of vascular cryptogams to which 
Selaginella belongs. 

The phloem consists of thin- walled elongated cells, repre- 
senting the sieve-tubes of higher types. The sieve-plates are 
lateral. Outside the phloem is a pericycle, consisting of either 
one or two layers of cells. The pericycle, however, in Selagi - 
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nella is derived from the same layer of ground- tissue as the 
endodermis. There is no secondary growth. 

The ground-tissue of the stem consists of comparatively 
thin-walled, more or less prosenchymatous cells, without 
intercellular spaces (thin- walled prosenchyma, p. 51). The 
epidermis also consists of elongated pointed cells, and has no 
stomata. 


28. The Leaf is entire, and has a very simple structure. 
Each of the epidermal cells contains a single large chloroplast. 
Stomata are usually confined to the lower surface. The 
ground-tissue (mesophyll) is not clearly differentiated into 


palisade and spongy layers. A 

MEGASPORANGIUM 
\ MICROSPORANQIUM 



Fig. 280. Part of “ Sporangiferous 
Spike ” of Selaginella . 

(Longitudinal section.) 


single vascular strand runs 
through it. This strand is 
concentric. The central 
xylem is surrounded by a 
layer of phloem, outside 
which is an endodermis. 
In some species longitudinal 
air-spaces are found in the 
mesophyll. 

29. Rhizophore and Root 

are both protostelic, and 
agree in internal structure. 
The stele is monarch. The 
root grows by a single 
apical cell; the rhizophore 
may have a single cell or a 
group of cells, according to 
the species, like the stem. 


30. Sporangia and Spores (Fig. 280). — The sporangium 
consists of a capsule borne on a short, stout stalk. The wall 
of the capsule consists of two layers of cells, and has no 
annulus. The megasporangium is somewhat larger than the 
microsporangium. The spores as usual have two coats — 
endosporium and exosporium, the latter being cuticularised. 
A large amount of food substance is stored up inside the 
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megaspore, consisting chiefly of oil. Owing to the fact that 
the spores are developed by tetrahedral division (see below) 
they are pointed at one end. 

31. Development of Sporangium (Fig. 281). — The sporan- 
gium is developed from a group of meristematic cells. It is 
first seen as a little papilla-like outgrowth in the axil of a 
young leaf, close to the apex of the sporangiferous shoot. 
The outermost layer forms the wall of the sporangium. But 
at an early stage beneath this outermost layer a row of large 
cells can be recognised, and this is the archesporium. 

The arckesporial cells by division form a tapetal layer 
towards the apex of the papilla. In the lower part of the 
developing sporangium 
the tape turn is formed 
from the cells surround- 
ing the archesporium. 

Then the archesporium, 
by repeated division, 
gives rise to spore 
mother-cells, as in the 
Fern. 

So far the develop- 
ment of both mega- and 
micro-sporangia is the 
same, but from this 
point differences are 
observed. In the microsporangium the mother-cells separate 
from each other, and float freely in a nutritive fluid formed by 
the disorganisation of the tapetal cells. Then in each mother- 
cell four special mother-cells are formed, and each of these 
gives rise to a microspore in the same way as in the Fern. 
The microspores are tetrahedrally arranged; that is, one at 
each of the four corners of a tetrahedron, which is a pyramid 
with triangular base and sides. In the megasporangium one 
of the mother-cells increases in size, and produces four mega- 
spores in the same way as a mother-cell produces micro- 
spores. The other mother-cells are disorganised and serve 
as nourishment to the developing megaspores. 



Fig. 281. Selaginella. Development 
of Sporangium. 

In A only one aicheHporial cell is shown. 
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At an early stage in development the outermost layer of 
the papilla divides into two, so that the wall of the sporangium 
is double. The stalk of the sporangium is formed by division 
and growth of cells at the base of the original papilla. One 
layer of tapetal cells persists, so that the wall seems to consist 
of three layers. 

32. Germination of the Spores— Prothalli and Sexual Organs. 

— The germination of the ?negaspore begins before it is set free 
from the sporangium. The nucleus of the spore divides into 
two. One daughter-nucleus passes to the apex or pointed 
region of the spore, the other to the basal region. 

rhizoids n 


.. PROTHALLUS 

..-COTYLEDON 
---STEM 

- COTYLEDON 
COAT OF 
SPORE 


Fig. 282 . Female Prothallus of Selaginella. 

(Longitudinal section.) An old stage, showing two developing embryos. 

A process of multicellular -formation then begins. It is 
most active in the apical region, and there results in the 
production of a tiny mass of small-celled tissue. In the 
lower region the process is much less active, and actual cell- 
formation may not take place there till after the spore has 
fallen to the ground. The cells formed in this region are 
larger and filled with food-material. 

The megasporangium ruptures near the apex by a transverse 
slit, and the spores fall to the ground. The megaspore 
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ruptures at the apex by a triradiate fissure which exposes the 
small-celled tissue immediately underneath. On this an 
archegonium is developed, and others are formed later if 
fertilisation is not effected. 

It is evident that the tissue formed as described in the 
megaspore is the female prothallus (Fig. 282). It protrudes 
slightly, turns green in the presence of light, and may even 
develop one or two rhizoids, but it is not set free from the 
spore as an independent plant, like the prothallus of the 
Fern or of Equisetum. It is nourished by the food-material 
stored up in the spore. This reduction of the female pro- 
thallus to a minute and practically dependent structure 
should be carefully noticed. 

The structure and development of the archegonium (Fig. 
283) are practically the same as in the Fern. The only 
difference is that the neck is shorter, consisting of only eight 
cells; each of the four longitudinal rows of the neck consists 
of only two cells. 



The microsporangium is ruptured in the same way as the 
megasporangium, and the microspores fall to the ground and 
germinate. The microspore increases in size, and a small cell 
is cut off at the pointed end (Fig. 284). Then the rest of the 
spore divides into ten or twelve cells, eight peripheral cells 
surrounding either two or four central cells (according to the 
species). The central cells undergo further division, and the 
small cells thus produced are the mother-cells of spermato- 
zoids. In each a biciliate spermatozoid is formed in exactly 
the same way as in the Fern. 
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The small cell first cut off represents an extremely rudimen- 
tary male prothallus, and may be called the prothallus-cell. 
The eight peripheral cells represent the wall of an antheridium, 
inside which the spermatozoids are produced. The extreme 
reduction of the male prothallus is of great interest, and is 
correlated with the small size of the microspore. The mega- 
spores remain large because of the necessity of providing 
nourishment for the young sporophyte, and owing to this fact 
they are able to produce a number of recognisable archegonia. 

During the course of the above development the exosporium 
is ruptured. Later the peripheral cells undergo disorganisa- 
tion and nourish the spermatozoid mother-cells. Eventually 
the spermatozoids are set free. 

33. Fertilisation and Development of Embryo (Figs. 282, 
285, and 286). — The process of fertilisation is essentially the 
same as in the Fern and Equisetum. A spermatozoid enters 
the ovum and fuses with it, the male 
and female nuclei amalgamating into 
one. The oospore which is thus 
formed segments and develops into 
an embryo sporophyte. 

The first dividing wall is at right 
Fig. 285. Segmentation angles to the axis of the archegonium. 

ne^° SP0RE ° F Selagi divides the oospore into upper 
(Diagrammatic.) a . nd >° wer cells. The upper cell 

either remains unicellular or under- 
goes only a few divisions, the resulting structure being called 
the suspensor. The function of the suspensor is to push the 
developing embryo down into the tissue of the prothallus; 
there is no structure corresponding to it in the Fern. 

The segmentation of the lower or embryonic cell is comparable 
to that of the whole oospore in the Fern. It is divided by 
basal, quadrant, and octant walls, formed somewhat irregu- 
larly, into eight cells (octants) forming apical (or epibasal) 
and basal (hypobasal) tiers of four cells each. From the 
apical tier are formed the stem and the two cotyledons; the 
hypobasal tier gives rise to the hypocotyl. In some species 
(not in S . spinosa ) the hypocotyl becomes enlarged and forms 
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a massive haustorium or absorbing organ known as the foot 
or “feeder.” The first root is adventitious and is developed 
from the hypocotyl close to the suspensor. 

The development of the embryo in Selaginella should be 
carefully compared with that of the Fern (p. 412), and also 
with that of the Angiosperm (p. 282). 



(Longitudinal section.) 

The developing embryo grows down into the lower part of 
the prothallus; the foot absorbs the food-material. Eventu- 
ally the stem and cotyledons escape from the spore and grow 
above ground, while the first and other adventitious roots 
pass down into the soil. 

34. The Life-history may be graphically represented as in 
Fig. 287. The following important points should be noticed. 
In the first place the differentiation of sex has been carried 
back another stage. We not only have two kinds of prothalli, 
as in Equisetum, but these prothalli are developed from spores 
of quite different appearance. The student will now have 
some perception of the origin of the heterosporous condition 
in plants. In the second place, the reduction of the male and 
female prothalli, i.e. the gametophyte, has to be noticed. In 
Selaginella the gametophyte, so far as nourishment is con- 
cerned, is not independent of the sporophyte. 
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The life-histories of Fern, Equisetum, and Selaginella should 
be very carefully compared. While there are many differences, 
by reason of which these three types are placed in different 
classes of the Vascular Cryptogams, the student will recognise 
that the general course of the life-history is very similar. In 



Fig. 287. Life-history of Selaginella graphically represented. 

all three there is a more or less distinct alternation of genera- 
tions, and equivalent or homologous structures occur at the 
same points in the life-history. The graphical life-histories 
which have been given will enable the student to grasp more 
readily the more important homologies discernible. 

The degeneration of the gametophyte does not cease at 
this point, but is continued so far, that in Flowering Plants 
the entire sexual stage is included in the spore, and the micro- 
spores (pollen-grains) and megaspores (embryo-sacs) become 
practically sexual bodies from a physiological point of view 
(see Chap. XVI.). 


D. Lycopodium. 

35. General Characters. — The genus Lycopodium (Club-moss), includ- 
ing about 100 species, belongs to the same class of Pteridophyta as 
Selaginella, Most of the species are small plants, but some attain a 
height of 4 or 5 feet; many tropical species are epiphytic. The five 
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British species are all found on hills and exhibit marked xerophytio 
characters. The commonest are L. clavalum, the common Club-moss 


(Stag’s-horn Moss) and L. selago . 

The plant (Fig. 288) is the sporo- 
phyte. In its general appearance 
it resembles Selaginella. The firm 
slender stems, which may be either 
erect (L. selago ) or trailing (L. clava- 
lum), are completely covered with 
small stiff leaves, usually arranged 
spirally. The leaves have no ligule. 
In some species the branching of the 
stem is dichotomous; in others it is 
really lateral although it resembles 
dichotomy. Tho roots are adven- 
titious and dichotomously branched. 

In the stem there is a central 
cauline vascular cylinder (protostele). 
The arrangement of vascular tissue 
differs in different species, but usually 
there are a number of rays or plates 
of xylem with intervening or inter- 
penetrating rays or plates of phloem 
(Fig. 289). The protoxylem and 
protophloem, as in Selaginella , 
are external (exarch arrangement). 
There is conjunctive tissuo between 
the xylem and phloem, and tho 
whole vascular cylinder is surrounded 



by a pericycle and endodermis, both 


Fig. 288. 


apparently derived from the cortex. 
The vascular cylinder of the root is 
similar to that of the stem. The 
leaves have a single median concentric 


Part of Lycopodium clavatum, show- 
ing stem, leaves, roots, and sporangi- 
ferous spikes ; B, A sporophyll and 
sporangium in surface view. 


bundle. Root and stem are both developed from a group of apical cells. 


36. Sporangia and Spores (Fig. 288 ). — Lycopodium is homosporous. 
The sporangia are borne singly, not in the axils of the loaves, but on 
their upper surfaces near the base. In some species, e.g. L. selago , the 
stems show alternating barren and fertile regions; the sporophylls are 
not aggregated or specialised in any way and resemble the sterile leaves. 
In other species, e.g. L, clavatum , the sporophylls are borne in “ spikes ” 
on special branches, and differ in shape from the foliage leaves. 

The sporangium is developed, as in Selaginella , from a group of cells, 
and when ripo contains a large number of small tetrahedral spores. 

37. The Gametophyte. — The spores on germination produce prothalli 
which, though small, are the largest and most complex found in the 
Vascular Cryptogams. In L. clavatum and other species they are 



430 TIIE VASCULAR CRYPTOGAMS OR PTERIDOPHYTA. 


tuberous, more or less conical, subterranean bodies, which have no 
chlorophyll and live saprophytieally by means of an endophytic (endo- 
trophic) mycorhiza. In other species (e.g. L. selago) only the lower 
subterranean part of the prothallus has this character; the upper part 
reaches the surface of the soil, develops chlorophyll, and becomes more 
or less lobed. The prothalii are monoecious and bear both archegonia 
and antheridia similar to those of Selaginella. 



Fig. 289. Transverse Section of Stem of Lycopodium annotinum. 

(Diagrammatic.) 

38 . The Embryogeny. — The early stages of development are the same 
as in Selaginella (p. 426). The hypobasal tier of cells gives rise to the 
haustorium or foot, which may remain small (L. selago ), or, if the pro- 
thallus is deeply buried, may be strongly developed ( L . clavatum). 
From the apical tier of cells are developed the stem, cotyledon, hypocotyl, 
and first root. In a few species (e.g. L. clavatum) there are apparently 
two cotyledons. The first root is adventitious and in some species 
developed exogenously. 

39 . Notes on the Life-history. — Lycopodium differs markedly from 
Selaginella in being homosporous. The fact, however, that the two 
genera resemble each other in many respects, by reason of which they 
are placed in the same group of Vascular Cryptogams, indicates that this 
difference is not of first-rate importance from the point of view of 
classification. This conclusion is borne out. by a general study of the 
Vascular Cryptogams, both living and fossil, which has shown that 
while the homosporous condition is undoubtedly the more primitive, 
the heterosporous condition has originated independently in different 
groups during the course of evolution. 

The life-history of Lycopodium also illustrates the fact that in homo- 
sporous types the gametophyte is well developed. The reduction of 
prothalii, which we have studied in connection with Selaginella , is 
associated with the evolution of the heterosporous condition. 
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THE GYMNOSPERMS. 

1. General. — The Gymnospermous Flowering Plants are 
not so highly differentiated as the Angiosperms, and in many 
respects resemble the Vascular Cryptogams, forming as it 
were an intermediate group. They are large plants, either 
shrubs or trees, and include the Cycads, the Conifers, and a 
small group, the Gnetaceae, whose affinities are doubtful, but 
which seem to approach nearer to the Angiosperms. 

Like the Angiosperms, the reproductive organs of the 
Gymnosperms are aggregated to form flowers, which differ 
markedly, however, from the flowers of the Angiosperms in 
the fact that when carpels are present the ovules are borne 
freely exposed on their upper surfaces. The carpels are not 
closed up to form ovary, style, and stigma. Hence the name 
Gymnosperm (Gk. yvpvos, naked, (nreppa , a seed).* The 
flowers are always unisexual; the plants usually monoecious, 
sometimes dioecious (Yew, Juniper, Cycads). 

The most important group of the Gymnosperms is that of 
the Conifers or cone-bearing trees. The group is well repre- 
sented in the Indian flora, especially in the Himalayas, where 
there are enormous areas of coniferous forest containing Pines, 
Firs, Spruces, Junipers, Yews, and Cedars. Gedrus deodara 
is the well-known Himalayan deodar tree. The true Pines 
constitute the genus Pinus , of which P. longifolia (chil) and 
P. excelsa (kail) are the two best known Indian species. The 
seeds of P. Gerardiana , which occurs on the drier inner ranges 
of the North-western Himalayas and Afghanistan, are the 
chilghoza of commerce. P. longifolia , the Chfl, has three 
leaves in each spur, while P sylvestris has only two. 

* Angiosperra from Gk. 0.770s, a vessel, crirep/xa, a seed. 
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The Conifers are natives of temperate regions; the Cycads 
are tropical or sub-tropical plants. 

A. Pinus Sylvestris. 

2. External Characters of Pinus. — The full-grown plant is 
a large tree. Typically it has an elongated tap-root; but 
frequently the lateral roots are strongly developed and the 
primary root is comparatively short. The main stem is 
cylindrical and covered with a rugged scaly bark. Secondary 
growth takes place in the same way as in Dicotyledons, and 
hence the stem tapers towards the apex. 


■terminal bud 



Pig. 290 . Branch of Pinus sylvestris cut in May, 

Most of the older dwarf-Bhoots and foliage leaves removed. 

The branches are formed in apparent whorls from lateral 
buds developed on each parent axis. These are formed in the 
axils of scale-leaves, at the end of each year's growth. This 
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regular development of branches gives the tree a very sym- 
metrical appearance, which is, however, frequently spoilt 
owing to the loss of many of the branches. In addition to the 
ordinary branches, which, as they grow indefinitely, arc called 
shoots of unlimited growth , there are numerous dwarf-shoots 
or shoots of limited growth (Fig. 290). These also arise in the 
axils of brown scale-leaves borne on the main branches. 

The leaves are of two kinds: (a) the scale-leaves just 
mentioned, which are the only ones borne on the shoots of 
unlimited growth, and which are also present on the dwarf- 
shoots; (b) green acicular foliage leaves, popularly called 
“ needles ” which occur solely upon the dwarf-shoots; they 
are not borne directly on the shoots of unlimited growth. 

The dwarf-shoots, with their clusters of green leaves, are 
called “ spurs ” The number of green leaves in each cluster 
varies according to the species of Pinus. In P. sylvestris there 
are two, and the dwarf-shoots together with their leaves are 
termed “ bifoliar spurs.” These persist for a number of years, 
so that the tree is an evergreen. When they fall off, as they 
eventually do, it is the dwarf-shoots which are shed, and the 
leaves fall with them. 

Pinus h as n o pow er of vegetative repXQductkm..,, 

The presence of a tap-root is characteristic of Gymnosperms. Many, 
e.g. Picea, the Spruce, have leaves and shoots of one kind only. The 
branching is axillary, but buds are not formed in the axils of all the 
leaves. No buds are formed in the axils of the foliage leaves of Pinus. 

3. Structure of the Stem. — In the general arrangement of 
tissues the stem of the Conifer closely resembles that of the 
Dicotyledon. It is eustelic (p. 105). At the apex there is a 
small-celled meristem, in which, however, there is no derma- 
togen distinct from periblem; cortex and epidermis originate 
from a common layer (periblem). 

The bundles in the primary condition (Fig. 291) are common, 
c onjoint , collateral , and open, and form a ring in transverse 
section? TEe primary bundles in Pinus lie close together, so 
that the medullary rays between them are extremely narrow. 
The ground-tissue is differentiated into pith, cortex, and 
medullary rays. The pericycle is parenchymatous, and there- 
fore 'cannot readily be distinguished from the cortical tissue; 
i. bot. 28 
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the same is the case with regard to the endodermis, which is the 
innermost Ijayer of cortical cells. The primary bundles have 
therefore no pericytflic sclercnchyma or hard bast. 

Lar^t^in-pdssages are present in the cortex, each' sur- 
rounded by a layer of 
glandular secreting epi- 
thelial cells. As the trans- 
verse section of the young 
stem cuts through the 
bases of the dwarf-shoots 
its outline is irregular. 
A somewhat lignified 
hypodermal layer may 
be recognised in the 
outer cortex. 

Secondary growth is 
effected in exactly the 
same way as in Dicotyle- 
dons (pp. 107-115), the 
cambium ring giving rise 
to secondary wood and phloem, and the phellogen to cork and 
bark. The phellogen or cork-cambium originates in the 
cortical tissue near the surface, though not in the outermost 
layer, and, later, there is a repeated formation of tangential 
lines of phellogen cutting off strips of scaly bark (p. 115). 

4. The Tissues of the Stem (Figs. 292-294). —The close 
resemblance to Dicotyledons will be recognised. The differ- 
ences, however, are considerable, the vascular tissues especially 
being of simpler character. The wood or xylem has no true 
vessels , but consists of tracheides (cf. V. Cryptogams) with 
very typical bordered pits. The protoxylem consists of 
annular and spiral tracheides. Small resin-passages are 
present in the primary and secondary wood, each with its 
lining epithelial layer. The phloem consists of sieve-tubes 
and phleom parenchyma; there are no companion cells (cf. 
Y. Cryptogams). The sieve-tubes consist of elongated, more 
or less pointed (prosenchymatous) ceils, with lateral sieve- 
plates on the radial walls. 


^EPIDERMIS 



Fig. 291. Stem of Pinus. 

(Transverse section : Diagrammatic.) 
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The structure of the medullary rays, however, is more 
complex than that of Dicotyledons (Figs. 293 and 294). The 
rays in the secondary wood consist partly of cells containing 
starch, partly of tracheides running radially. These tracheides 
allow for the radial diffusion of watery fluids through the 
wood, and thus make up for 
the want of wood-parenchy- 
ma. In the secondary phloem 
the rays consist partly of 
starch-containing cells, partly 
of cells with albuminous con- 
tents. The medullary rays 
vary much in size ; the small- 
est are only two cells high and 
one cell wide. 

Figs. 292-294 show transverse 
and longitudinal sections of the 
wood. A radial longitudinal section 
runs parallel to the medullary rays 
in tho region in which it is taken, 
whilo a tangential longitudinal 
section cuts across them. This 
will explain the difference in the 
appearance of tho medullary rays 
in the two sections (Figs. 293 and 
294). 

The differences in the appear- 
ance of the bordered pits are duo 
to the fact that the tracheides are 
four-sided, two of the sides being 
approximately radial and two 
tangential, and that the bordered 
pits are confined to the radial Fig. 292. Stem of Pinus. 
walls. Thus, in radial section, the Portion of a transverse section after 

radial walls are not cut through secondary growth, 

and the pits are seen in surface 

view; while in tangential section the radial walls are cut through and 
the pits are seen in section (Fig. 294). 

5. The Root. — The growth and general arrangement 
resembles that of Dicotyledons. The apical meristem shows 
periblem and plerome layers, but there is no dermatogen 
layer, the root-cap and piliferous layer being derived from 
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the periblem. In Pinus there arc from two to six Y-shaped 
xylem bundles, and an equal number of phloem bundles 
alternating with them; there is a resin-passage between the 
arms of each Y, and a pith may be present. The arrangement, 
however, is not characteristic of Conifers as a class. In most 
cases the stele is di-arch (or tri-arch), and a pith is absent. 



Fig. 293. Radial Longitudinal Section of Stem of Pinus. 


The section is taken at the junction of secondary wood and phloem. 


In Gymnosperm roots the pericycle consists of several layers , 
but there is a single-layered endoderrnis. Secondary growth 
takes place as in the roots of Dicotyledons. The 'phellogen 
originates in the outermost layer of the pericycle. The wood 
and phloem have the same structure as in the stem. Lateral 
roots are developed from the second layer of the pericycle; 
the outermost layer covering them helps in the formation of 
the digestive sac which enables them to burrow outwards 
through the cortex. The roots of Pinus have a mycorhiza, 
and root-hairs are scantily developed. 
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6. The Leaf. — Fig. 295 shows a transverse section of the 
foliage leaf. The epidermis 


consists of extremely thick- 
walled cells with a strong 
cuticle. Stomata are devel- 
oped all over its surface. 
The guard-cells are sunk 
beneath the level of the epi- 
dermis, so that there is an 
outer cavity leading down 
to the stoma. Beneath the 
epidermis there is a fibrous 
sclerenchymatous hypo- 
dermis interrupted beneath 
the stomata. 

The parenchymatous 
mesophyll is not differen- 
tiated into palisade and 
spongy layers; it consists 
of thin-walled cells, whose 
STOMA 



bordered; £U 

- TRACrtEIDAL 
CELLS 

STARCH CELLS 
OF MED. RAY 



Fig. 294. Secondary Wood of Pinus. 

Portion of a tangential longitudinal section. 

walls show numerous peg-like 

EPIDERMIS 

HYPODERMfS 


THIN-WALLED 
: MESOPHYLL 

. ENDODERMIS 

PERICYCLE 

- XYLEM 
~ PHLOEM 
~ FIBRES OF 
PERICYCLE 


Fig. 295. Transverse section of Leaf of Pinus. 


infoldings of cellulose projecting into their cavities. The 
presence of these is probably connected with the feeble 


438 


THE GYMNOSPERMS. 


development of air spaces in the leaf, for they increase the 
internal surface of the cell-wall, and hence also the excreting 
and absorbing surface of the protoplasm. The cells contain 
numerous chloroplasts and starch-grains. In the mesophyll, 
immediately under the hypodermis, are a number of resin- 
passages, each with a thin-walled epithelial layer and an 
investing strengthening layer of sclerenchyma. 

In the middle of the leaf there is a conspicuous endodermis 
surrounding a many-layered pericycle, in which two vascular 
bundles are imbedded. The bundles are collateral, the xylcm 
facing towards the flat upper surface. 

In addition to ordinary parenchymatous cells the pericycle 
contains cells of two kinds: (a) parenchymatous cells, rich in 
protoplasm, protein, and starch, and called albuminous cells; 
(b) cells with bordered pits and no contents, resembling 
tracheides and called tracheidal cells. This peculiar tissue is 
called transfusion-tissue. It is characteristic of the leaves 
of Gymnosperms. It helps in the transference of nutritive 
solutions, and thus makes up for the poor development of 
vascular tissue. The tracheidal cells serve for the passage of 
inorganic solutions from the xylem to the mesophyll; the 
other cells for the diffusion of elaborated compounds from the 
mesophyll to the phloem. In addition to the transfusion- 
tissue, a number of fibres are developed in the pericycle near 
the bundles. 

The narrow acicular form of the leaves, their thick cuticle, 
the sunken stomata, the presence of a strong hypodermis, the 
simple vascular system, are marked xerophytic characters, all 
tending to reduce transpiration to a minimum. 

7. The Male Cones (Fig. 290) appear early in the year — 
about the beginning or middle of May. They are produced 
in the axils of scale-leaves at the bases of the developing 
shoots of the same year, but not on all the shoots. They 
form a spike at the base of the shoot, and the latter, 
as it continues to grow, develops ordinary dwarf-shoots 
in the axils of the upper scales. In other words, the male 
cones are produced at the base of the shoot in place of 
dwarf-shoots. 
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Each male cone (Fig. 296) consists of a somewhat elongated 
axis which corresponds to the thalamus, and which hears a 
number of spirally arranged scaly leaves. On the under side 


of each scale two pollen-sacs 
are developed and these are 
filled with pollen-grains. The 
scales of the male cone, 
therefore, are stamens. The 
pollen-grains are at first uni- 
cellular bodies with exospor- 
ium or exine, and endospor- 
ium or ifitine (p. 251). On 
each side of the pollen-grain 
the exosporium is inflated 
with air, forming two balloon- 
like expansions (Fig. 296, c). 

The male cones differ from 


STAMEN POLLEN SAC 
/ AXIS j 



V.' BUNDLES 
C 


the flowers of Angiosperms 
in that (a) the axis which 
corresponds to the thalamus 
is elongated, (b) the stamens 
are less highly differentiated, 
showing no distinction into 
filament and anther, (c) there 
are two instead of four 
pollen-sacs. It should also 
be noticed that the essential 



Fig. 296. Male Flower of Pinus. 

A, Part of a median longitudinal section 
(diagrammatic) ; 13, Stamen (under 

surfaoe); C, Pollen-grain (two-celled 
Ktage, highly magnified). 

rgans only are present. There 


is no perianth, but a few sterile scales occur at the base of 


the male cone. 


Most conifers have male cones like those of Pinus . The number of 
pollen-sacs, however, differs in different types. 


8. The Female Cones (Fig. 290), are developed laterally in 
the axils of scale-leaves at the apices of the young elongated 
shoots. They are usually borne on shoots which do not bear 
male cones, and take the place of shoots of unlimited growth. 
There may be from one to four on each shoot. 

The female cone (Figs. 297 and 298), if examined at this 
early period, is found to be a small, reddish structure consisting 
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MICROPYLE 

INTEGUMENT 


of a stout central axis, bearing scales of two kinds: (a) small 
scales arranged spirally and developed directly on the axis; 
these are called the bract- or cover-scales; (b) rather stouter 

scales developed one on 
the upper surface of each 
bract-scale ; these are called 
ovuliferous scales, because 
each bears two ovules on 
its upper surface. As the 
ovules afterwards give rise 
to seeds, the ovuliferous 
scales are also called ‘'semi- 
niferous scales.” Each 
bears at its apex a little 
protuberance called the 
apophysis. 

To compare this with the 
Angiosperm, the so-called 
bract-scale is regarded as 
equivalent to (i.e. the 
homologue of) a carpel, 
and should, therefore, be 
called a carpellary scale; 
while the ovuliferous scale is a large placenta. Here again 
the elongated axis should be noticed. "The most important 
point of difference, however, is 
that the carpels do not assume the 
form of a closed ovary, with a style 
and stigma. 


OVULE 

Fig. 298. 



Fig. 297. Young Female Cone oe 
Pinu8. 

(Part of a longitudinal Bection : 
diagrammatic.) 


APOPHYSIS 


OVULIF. SCALE 



CARPEL SCALE 


The female cones of the Spruce and 
Larch closely resemble those of Pinus. 

In the Larch the bract-scales are con- 
siderably larger. In the Cypress and 
the “ Tree of Life ” ( Arbor vitae) the 
scales (carpels) of the female cone do 
not bear ovuliferous scales: a number 
of ovules are borne directly on the 
surface of the scales, which are arranged, 
not spirally, but in opposite decussate pairs. 

There are other views entertained with regard to the homologies of 
the female cone of Pinus. The bract-scale by some is regarded as really 


Scales of Female 
Cone. 

Prom above and below (Carpel- 
eoale = cover-aoale). 
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a bract; and the ovuliferous scale with the two ovules, as a female 
flower of a very rudimentary type. According to this view the female 
cone would bo, not a single flower, but an inflorescence. 

9. Structure of the Ovule (Fig. 297). — In the young female 
cone just described, the ovule consists of a small-celled mass 
of tissue, the nucellus, surrounded by a single integument. 
Towards the base of the nucellus, one large cell is developed 
called the embryo-sac-cell, homologous with the embryo-sac 
of the Angiosperm. There is a wide gaping micropyle directed 
towards the axis of the cone. 


10. Comparison with Vascular Cryptogams. — Having ex- 
plained in the preceding sections the homologies between 
Pinus and the Angiosperm, we may now make the connecting 
link in the other direction by giving the homologies which 
can be recognised between Pinus and the Vascular Crypto- 
gams. 

They may be stated briefly thus — 

(a) The plant (Pinus) is the sporophyte. 

(b) Pollen-grain = microspore ; 

Pollen-sac = microsporangium ; 

Stamen = microsporophyll ; 


(c) Embryo-sac-cell — megaspore ; 

Ovule = megasporangiuny ; 

Carpel (bract-scale) = megasporophyll. 


These homologies should be very carefully noticed. In the 
description of the flowers of Pinus either set of terms may be 
used. The terms pollen-grain, pollen-sac, etc., were given to 
these structures before their homologies were revealed by a 
study of their development and position in the life-history, 
and by a careful comparison with such types as Selaginella . 

The student must clearly comprehend that the recognition 
of homologies is based on a comparative study of development. 
To emphasise this we shall now describe the development of 
pollen-sac and ovule in Pinus ; it will be found to be essentially 
similar to the development of micro- and mega-sporangia of 
Selaginella . 
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11. Development of Pollen-Sac and Ovule. — The pollen-sac 
is developed from a group of cells (cf. Equisetum and Selaginella) 
on the under surface of the young stamen. The wall of the 
pollen-sac is formed from the superficial or epidermal layer; it 
remains single. Several hypodermal cells, forming the arche- 
sporium, begin to divide rapidly. Tapetal cells are segmented 
from them towards the wall of the pollen-sac, and the remain- 
ing central portion forms a mass of pollen- or spore-mother- 
cells. Each mother-cell gives rise, exactly as in Selaginella , 
to four microspores or pollen-grains. The pollen-grain has 
the structure of a spore; its outer coat corresponds to the 
exosporium, its inner one to the endosporium. The tapetal cells 
are disorganised during the development of the pollen-grains. 

The owde arises as a small cellular protuberance on the 
upper surface of the young placenta. It increases in size 
and becomes the nucellus. The single integument arises 
from the base of the nucellus and gradually invests it. At 
the apex of the young nucellus a single hypodermal cell, the 
archesporium, can be recognised. This begins to divide and 
forms tapetal cells towards the apex of the nucellus. The 
archesporium proper remains unicellular, and owing to con- 
tinued division of the overlying tapetal and nucellus cells it 
comes to lie near the base of the nucellus. It eventually 
divides into four cells (tetrad division), and one of the resulting 
cells becomes the embryo-sac-cell or megaspore. The only 
point to be noticed here is that there is only one spore-mother- 
cell and only one megaspore develops. 

The nucellus is probably equivalent to the proper wall of 
the megasporangium. The integument is by many regarded 
as of the nature of an indusium (cf. the Fern), in this case 
surrounding a single sporangium; it is not represented in 
Selaginella . 

12. Pollination. — As in Angiosperms, the pollen-grains or 
microspores have to be transferred to the neighbourhood of 
the embryo-sac or megaspore. In Pinus this is effected by 
means of the wind, the transference being facilitated by the 
balloon-like expansions of the exosporium already described. 
Pinus , therefore, is anemophilous . 
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Pollination takes place towards the end of May or beginning 
of June. At this period the scales of the female cone open 
out, and separate from each other. Much of the pollen is 
wasted, but some of the grains are blown between the scales 
of the female cone and fall near the ovules. A mucilaginous 
secretion is given out from the micropyle. In this the pollen- 
grains are entangled, and, as the mucilage dries up, they are 
drawn down the micropyle and finally come to rest on the 
apex of the nucellus. In the Gymnosperms pollination consists 
in the transference of the pollen-grains, not to a stigma as 
in Angiosperms, but directly to the surface of the nucellus. 
The scales of the female cone close up after pollination. 

13. Male Gametophyte. — If the pollen-grain is really a 
microspore we should find it giving rise on germination to 
something equivalent to a male prothallus. At first the 
pollen-grain is unicellular. Even before it leaves the pollen- 
sac division begins; and it is completed on the surface of the 
nucellus. Two very minute rudimentary cells, the prothallus- 
cells, are cut off on one side. The remainder then segments 
into a small antheridial cell and a large vegetative cell (Fig. 
299, a). 

Comparing this with the germination of the microspore in 
Selaginella , there is an obvious suggestion that the small 
prothallus-cells represent a very rudimentary or reduced male 
prothallus. The antheridial cell is so called because, as will 
presently be explained, it produces the male sexual cells, and 
is, therefore, the equivalent of the central cell of the anthe- 
ridium of the Vascular Cryptogam, the male sexual cell being 
the equivalent or homologue of the spermatozoid. The male 
cells, however, are not motile, i.e. they are not spermatozoids. 
The large undivided vegetative cell probably corresponds to 
the peripheral cells which form the wall of the antheridium 
in Selaginella. In Gymnosperms there are definite cellulose 
walls formed between all these cells in the pollen-grain. 

In the further germination of the pollen-grain on the apex 
of the nucellus, the exosporium bursts open and the large 
vegetative cell protrudes and elongates to form a slender 
pofien-tube (Fig. 299, b). This is not represented in Sela - 



444 


THE GYMNOSPERMS. 


ginella ; its development in Phanerogams, as will afterwards 
be explained (p. 464), is an adaptation to entirely different 
conditions. The pollen-tube grows down into the tissue of 
the nucellus. Its destiny will be traced presently. 

PROTHALLUS CELLS 



Fig. 299. Stages in the Germination of the Pollen ^Gjrain. 

A, B, Early stage® in Picea , the Spruce, where the antheridial cell divides shortly 
after pollination ; C, Late stages in Pinus. 

14. Growth of Female Cone — The Female Gametophyte. — 

At first, as we have seen, the female cone is comparatively 
small, and the ovule consists simply of the integument, the 
nucellus, and the embryo-sac-cell or megaspore. Although 
pollination is effected at this stage, fertilisation does not take 
place in Pinus till about a year later — some time in Juntf' of 
the second year. This, however, is not characteristic of 
Gymnosperms; in most of them fertilisation is effected in the 
same year as pollination. 

In Pinus , during this protracted interval between pollination 
and fertilisation, many important changes go on in the ovule 
and in the cone as a whole. The cone increases in size and 
becomes green. During the winter these green cones are found 
at the apices of the shoots, just below the terminal winter 
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bud. This increase in size is due to the enormous growth of 
the axis and of the ovuliferous scales. The carpellary scales 
remain small, and are completely concealed. The growth is 
continued rapidly in the second year (Fig. 290). At the time 
of fertilisation the cones are large green structures, the rhom- 
boidal areas on their outer surface being the outlines of the 
apices of the ovuliferous scales. 

Inside the ovule the embryo-sac-cell becomes much larger, 
and by multicellular formation there is formed inside it a mass 
of thin-walled parenchymatous tissue. If this process be 
compared with the germination of the megaspore in Selaginella, 
there will be no difficulty in recognising that the tissue formed 
in the embryo-sac-cell is the female prothallus (Fig. 300). 



Fig. 300. Ovule op Pinus. 

(Longitudinal section— about the time of fertilisation.) 


Practically, the only important difference is that the 
megaspore in Pinus is not set free from the megasporangium, 
as it is in Selaginella . But even in Selaginella , it will be 
remembered, the germination of the megaspore begins inside the 
sporangium. 

The female prothallus in Pinus is enclosed in the nucellus. 
It has neither chlorophyll nor root-hairs. At its micropylar 
$nd are developed two or three arch egonia . This completes 
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the evidence of homology. The archegonium consists of a 
venter and a short neck . Oosphere and ventral canal-cell are 
present, but there is no neck-canal-cell. The protoplasm of 
the oosphere presents a frothy appearance, owing to extensive 
vacuolation; it has no cell-wall. Except that no neck-canal- 
cell is formed, the development is essentially the same as in 
the Fern or Selaginella. 

15. Fertilisation. — In the first year the growth of the 
pollen-tube is arrested after it has penetrated a short distance 
into the nucellus. In the second year it again begins to grow. 
Some time in April the antheridial cell (§ 13) divides into two 
(Fig. 299, b), a barren cell called the stalk-cell, and a generative 
cell. The protoplasmic contents and nuclei of the large 
vegetative cell, the stalk-cell, and the generative cell, 
all pass down to the apex of the pollen-tube. Before this 
can take place, of course, the intervening cell-walls must be 
absorbed. 

In the pollen-tube the naked generative cell divides into 
two cells, the male gametes. The pollen-tube ultimately 
reaches and enters an archegonium. One of the gametes only 
is concerned in the act of fertilisation. It passes from the 
pollen- tube into the ovum, and its nucleus together with a 
small amount of cytoplasm fuses with the nucleus and cyto- 
plasm of the ovum. The fertilised ovum forms a cell-wall 
and becomes the oospore. 

16. Development of Embryo (Fig. 301). The nucleus 
passes to the lower end of the oospore, and there, by repeated 
karyokinetic division, gives rise to four nuclei. These again 
divide, forming eight nuclei. Cell- walls are laid down between 
the four basal nuclei, and in this way four small cells are formed 
at the lower end of the oospore. Its upper part, with the 
other four (free) nuclei, which are afterwards disorganised, 
takes no share in the development; it contains food-material. 
The development, therefore, is said to be meroblastic (or 
partial), and this is characteristic of Gymnosperms. In 
plants where the development is holoblastic f the whole of the 
oospore undergoes division to form the embryo. 
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The four small cells are divided into four rows of cells by- 
two transverse walls, each row consisting of three cells. 
These four rows begin to elongate and push their way down- 
wards into the tissue of the female prothallus, which becomes 
laden with the food-material and constitutes the endosperm. 
The elongation is due to the formation of a long unicellular 
suspensor by the growth of the middle cell of each row (2 in 
Fig. 301 ). The four suspensors separate from each other. The 
cell borne at the end of each (3 in Fig. 301) is the embryonal 
cell; it continues to divide and forms a potential embryo. 


LOWER END OF OOSPORE 




Fig. 301. Segmentation of Oospore and Development of Embryo 
of Pinus. 

Only half the number of nuclei, cells, and rows of cells is, of course, shown m the 
early stages 

It will be noticed that four potential embryos are formed 
from each oospore.* This is an example of polyembryony (see 
p. 285); it is very characteristic of Coniferae. As more than 
one oosphere may be fertilised, many potential embryos may 
be present in one ovule. Only one, however, develops; the 
others die off. 

* In a few Coniferae, e.g. the Spruce, only one suspensor and one 
embryo are produood. 
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TBj^embryo which is developed consists of a primary root, 
■artmy plumule, and a number of cotyledons. The whole of 
it is derived from the embryonal mass, the suspensor taking no 
part in the development. 

It should be carefully noticed that the endosperm is simply 
the tissue of the female prothallus laden with food-material 
which diffuses into it from the placenta. 

The micellar tissue is almost entirely crushed and disorgan- 
ised owing to the expansion of the endosperm and embryo. 
A thin layer of it persists, and contains food-material, 
forming a small amount of perisperm (p. 286). 

17. Seed and Fruit. — Thus, as in Angiosperms, a seed is 
formed (Fig. 302). The integument of the ovule becomes the 

testa. The seed contains, not only 
endosperm, but also a small amount 
of perisperm. The embryo is 
straight and lies in the middle of 
the endosperm. The suspensors 
disappear. The seed has a thin 
membranous wing , which assists 
in its dissemination. The wing is 
derived from the surface of the 
placenta, not from the testa. 

The female cone, when it reaches 
maturity in the third year , is dry, 
brown, and woody. The scales 
(placentas) gape apart and allow 
the seeds to escape. The cone, as 
Fig. 302. Seed of Pinus. a fruit, is necessarily quite different 
a, surface Longitudinal f rom Angiospermous fruits, seeing 

that there is no ovary. 

The fruits of most Conifers are dry, woody cones. In some, however, 
the carpels become fleshy and form a berry-like fruit, e.g. in the Juniper. 

18. Germination of Seed. — The cotyledons of Pinus may 
become green while still enclosed in the seed-coat. They 
gradually absorb the endosperm, and are epigeal, the seed- 
coat being carried by them above ground. The primary root 
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passes downward and forms the tap-root system. The first 
year’s shoot, formed by the elongation of the plumule, has no 
scale-leaves or dwarf-shoots; it has acicular green leaves, 
spirally arranged, thus indicating what was probably the 
primitive leaf arrangement. 

The life-history of Pinus may be graphically represented as 
in Fig 303. 



Fig. 303. Ltftc -history of Finns. 

Graphical representation. (Cf. Figs. 302, 305, 315.) 

B. The Yew. 

19. General Characters. — The Yew ( Taxus baccata) is an 
evergreen tree, found quite plentifully in the Himalayas, 
and may reach a height of 30 or 40 feet. During its growth 
branching occurs from the base, and the branches fuse together 
to form the compound columnar trunk characteristic of the tree. 

The small, narrow, dark-green leaves (Fig. 305) are borne 
singly and are closely set on opposite sides of the branches. 

The general internal structure resembles that of Pinus ; but 
resin passages are wanting. 

The Yew is dioecious. The male and female flowers (Fig. 
304) are developed on different trees in the axils of leaves of 
the previous year. They appear in February or March, and 
are found on the under side of the branches. 


I. BOT. 
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20. The Flowers (Fig. 304). — The male flower consists of an 
axis bearing 6-10 stalked peltate stamens. On the under side 

of the head of each stamen 

MICROPYLE 

NUCELLUS 


EMBRYO SAC\ 



POLLEN. SACS ° V&rti® 

tig. 304. Flowers of Yew. 

A, Male flower; R, Single ntamen seen from 
below ; C, Longitudinal section of bud 
containing female flower. 


are 5-9 pollen-sacs. The 
pollen-grains have no lateral 
expansions of the exipe. 
At the base of the male 
flower are a number of 
scale-leaves, which at first 
cover over and protect the 
young stamens. 

The female flower is not 
a cone. A bud, bearing a 
number of overlapping 
scales, arises in the axil of 
a leaf of the previous year. 
The apex of this bud under- 
goes no further develop- 
ment; but in the axil of 
one of the upper scales 
there arises a very short lateral shoot which bears a few 
scale-leaves, ends in a single ovule, 
and constitutes the female flower. 

The structure and development of 
the ovule are similar to those of 
Pinus . 

21. Embryo and Seed. — Pollina- 
tion and fertilisation are effected 
as in Pinus , but in the same year. 

Only one embryo is developed from 
the oospore. During development 
a cup-shaped structure grows up 
from the base of the ovule (Fig. 

304). This is the aril. It becomes 
fleshy and forms the red invest- 
ment of the ripe seed. The 
“ fruit ” or “berry” of the Yew 
is simply a seed with an investing aril (Fig. 305). 



Fig. 305. 
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C. Cycas. 

22. General Characters. — The Cycads attained an enormous 
development in the Mesozoic Period; but there are now only 
9 genera with about 75 species. The best known genus is 
Cycas. Cycas revoluta is the “ Sago Palm ” of China and 
Japan. 

The stem of a Cycad is short and stout, either cylindrical, 
or more or less swollen and tuberous. Branching sometimes 
occurs, especially in old plants, but is not common. A tap- 
root system is developed, and it is an interesting fact that 
some of the roots develop tubercles containing two of the 
symbiotic nitrogen-fixing bacteria, Azotobacter chroococcum 
and Pseudomonas (see Chap. XX). At the top of the stem 
are alternating zones of foliage leaves and scale-leaves; the 
latter protect the former in the bud condition. The foliage 
leaves are large and usually pinnate, occasionally bi pinnate; 
they persist for several years. The lower part of the stem is 
covered with leaf-scars. 

The stem of Cycas revoluta is cylindrical, resembling that of 
a tree-fern; the leaves are pinnate and, like the leaves of 
ferns, have circinate ptyxis. The fern-like habit of the plant 
is especially noticeable. 

In the young stem there is a ring of collateral bundles. 
Secondary growth occurs. The wood contains tracheides 
only. Mucilage ducts are characteristic of the group. 

23. The Flowers are borne on different plants. The male 
flower of Cycas , as of other Cycads, is a cone borne terminally 
at the apex of the stem. The growth of the stem is continued 
by a lateral bud, and is therefore sympodial. The male cone 
consists of an axis bearing a large number of spirally arranged 
scales (stamens) on the under surface of which are numerous 
pollen-sacs (microsporangia) arranged in sori (Fig, 306, B). 

In all the genera except Cycas the large female cones are 
borne similarly at the apex of the female plants, each scale 
(megasporophyll or carpel) of the cone bearing two marginal 
ovules. But in Cycas the female flower is peculiar, and gives 
evidence that the genus is a very primitive one. It consists 
of a rosette of pinnate sporophylls or carpels, developed in 
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place of foliage leaves. The rosettes of sporophylls and foliage 
leaves alternate with each other as growth goes on. The 
growth of the axis is continued through the cluster of sporo- 
phylls , which are ultimately shed. The pinnate sporophylls 
(Fig. 30G, a) are smaller than the foliage leaves, have no 
chlorophyll, and are covered with hairs. The lower leaflets 
of the sporophyll are replaced by large ovules, two to eight in 
number. 



Fig. 306. SpORoruYLLs of 
Cycas revoluta. 

A, Carpel ; B, Stamen. 


M 



Fig. 307. Diagram of 
L.V.S. through Ovule 
of Cycas ; to the right 
a Mature Sperm. 


P.C., Pollen chamber ; Nu, 
Nucellus ; A, Archegonia 
(two) lying in the female 
prothallus or gametopbyte 
(endosperm), contained in 
the Embryo Sac; O.T. and 
I.T., Outer and Inner fleshy 
layers of Testa ; M.T. Middle 
stony layer of Testa. 


24. Structure of Ovule. — The ovule in its structure and 
development resembles that of Finns. Only one embryo-sac 
or megaspore is developed, although the sporogenous cells 
produced from the archesporium are more numerous than in 
the Coniferae. The embryo-sac (megaspore) has a single 
cutinised wall (cf. the spores of Vascular Cryptogams). A 
female prothallus bearing archegonia at its apex is developed 
as in Finns. During development a depression or cavity 
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known as the pollen-chamber is formed at the apex of the 
nucellus. The apex of the female proth alius with the arche- 
gonia lies close to this, but is separated from the apex of the 
nucellus by a narrow space called the archegonial chamber 
(Fig. 307). If fertilisation fails to occur the endosperm may 
grow out of the micropyle and become green. 

25. Pollination and Fertilisation. — The pollen-grains are 
carried to the ovules by the wind. They are caught by a 
mucilaginous secretion from the micropyle, and, as this dries 
up, are drawn down to the pollen-chamber. 

The structure and germination of the pollen-grain are much 
the same as in Firms; but there are striking differences in 
the details of fertilisation. The two male cells produced from 
the generative cell, instead of being motionless, are ciliated 
and motile; they are in fact spermatozoids. The pollen-tube 
penetrates the nucellus and reaches the archegonial chamber. 
It then bursts and the spermatozoids, together with a drop of 
watery fluid, are set free, and make their way to the arche- 
gonia. The actual process of fertilisation takes place as in 
Vascular Cryptogams. The pollen-tube does not enter the 
archegonium. 

Spermatozoids have been found in all Cycads examined, 
and also in Ginkgo biloha i the Maiden -hair Tree of China and 
Japan, the only remaining representative of a family of 
Gymnosperms well represented in earlier times. Their 
discovery illustrates in the most striking way the accuracy 
of the conclusions which, on other evidence, had been arrived 
at with regard to the homologies between the Gymnosperms 
and Vascular Cryptogams. 
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HOMOLOGIES IN ANGIOSPERMS. 

1. The Sporophyte in the Angiosperm. — We are now in a 
position to correlate the main facts in the life-history of the 
Angiosperm with those of the Vascular Cryptogam and 
Gymnosperm. From what has been said in the preceding 
chapter the following homologies will be evident: — 

(a) The Angiospermous plant is the sporophyte. 

(b) Stamen = “ microsporophyll” ; 

Pollen-sac = microsporangium ; 

Pollen-grain = microspore. 

(c) Carpel = “ megasporophyll” ; 

Ovule — megasporangium ; 

Embryo-sac = megaspore. 

The sporophyte in the Angiosperm is still more highly differen- 
tiated than that of the Gymnosperm. As in the Gymnosperm, 
the sporophylls are aggregated to form flowers. In Angio- 
sperms the flowers have undergone extreme specialisation. 
In addition to the sporophylls or essential organs they usually 
have accessory structures — the floral envelopes or perianth — 
which play an important part in the production of seed. 

To complete the evidence of homology, we may briefly 
describe the development of pollen-sac and ovule of the 
Angiosperm. It is essentially similar to the development iu 
Gymnosperms and Vascular Cryptogams. 

2. Development of the Pollen-sac (Fig. 308). — The stamen 
in the Angiosperm arises as a protuberance on the thalamus. 
It consists of meristematic tissue, and soon shows a distinction 
into filament and anther. The two anther-lobes can be 
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recognised at an early stage, and a procam bial strand makes 
its appearance in the region of the connective. 

In each anther-lobe, two little groups of periblem cells lying 
immediately beneath the dermatogen begin to divide. They 
form usually three layers of cells underneath the dermatogen 
layer. The outermost of the three layers becomes the fibrous 
layer (p. 250) of the pollen-sac. The innermost layer consists 



Fig. 308. Development of Pollen-sacs in Angiospeum. 

Transverse sections of young anthers. 


of large granular cells and forms a tapetum ; together with the 
intermediate layer it is disorganised during the development 
of the pollen-grains. The remaining cells of each mcristematic 
group constitute the archesporium. 

Thus in each anther-lobe there are two archesporia. The 
tapetal layer completely surrounds each archesporium. The 
archesporial cells divide in the usual way to form spore- (or 
pollen-) mother-cells. In Dicotyledons, the special mother- 
cells are formed in much the same way as in the case of the 
Fern (p. 407); but in Monocotyledons they are formed by 
ordinary cell-division, i.e. the mother-cell divides into two 
and then these two into four. The microspores or pollen- 
grains in both are formed in the usual manner, the first 
nuclear division in the spore mother-cells being the reducing 
division. 
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3. Development of Ovule (Fig. 309). — The nucellus arises 
as a tiny cellujar protuberance on the placenta and gradually 
increases in size. The integuments arise, one after the other, 
as outgrowths from the base (chalaza) of the nucellus. This 
basal region also elongates to form th efunicle. 



Fig. 309. Development of an Anatuopous Ovule. 

1,2, = 1st and 2nd integuments. 


At an early stage the archesporium is recognised as a single 
hypoder trial cell at the apex of the young nucellus. It usually 
divides into two — an upper tapetal cell and a lower cell, the 
archesporium. The tapetal cell may divide again. The 
archesporial cell functions as a spore-mother-cell; in typical 
cases it divides into a row of four potential megasporcs, the 
lowest of which becomes the embryo-sac or megaspore, the 
other three, called “ cap-cells” showing no further develop- 
ment. In the primitive dicotyledonous genus Casuarina , 
however, all four become embryo-sacs. The first division in 
the spore-mother-cell is the reducing division. 

The embryo-sac or megaspore is at first a typical cell with 
a single nucleus; but before fertilisation a process of free 
nuclear division takes place. The nucleus divides karyo- 
kinetically into two. One daughter-nucleus passes to the 
micropylar end, the other to the chalazal end of the embryo- 
sac. Each by further division gives rise to four nuclei. Three 
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of the nuclei at the micropylar end become surrounded by 
protoplasm, and form the oosphere and synergidae or egg- 
a])paratus; three at the chalazal end are surrounded by 
protoplasm and cell-walls, and form the antipodal cells. A 
nucleus remains at each end. The.se are called polar nuclei; 
they pass to the centre of the embryo-sac and fuse to form the 
secondary nucleus. The second male nucleus fuses with the 
polar nuclei or with the resulting secondary nucleus (p. 282). 
Thus the endosperm-nucleus is the result of “ triple fusion ” 
of nuclei. 

4. The Gametophyte in the Angiosperm. — The male game- 
tophyte is completely reduced. The vegetative and generative 
cells of the pollen-grain (p. 280) represent all that there is of 
male prothallus and antheridium. The vegetative cell is 
probably equivalent to the peripheral cells forming the wall 
of the antheridium in Selaginella . Otherwise the antheridium 
of the Vascular Cryptogam is represented only by a generative 
cell which, as in Gymnosperms (p. 440), divides to form two 
gametes, corresponding to the spermatozoids. 

Remembering the process of cell-formation which takes 
place in the megaspore of Gymnosperms and of Selaginella, 
we must recognise that the formation of antipodal cells and 
egg-apparatus in Angiosperms is, as it were, an attempt at 
the formation of a female 'prothallus. The process, however, 
comes abruptly to an end. After fertilisation it is continued 
(see p. 281), and leads to the formation of the endosperm 
tissue. The endosperm tissue is the female prothallus formed 
after fertilisation. The secondary nucleus may be considered 
as a resting nucleus set apart before fertilisation to continue 
the formation after fertilisation. The antipodal cells are 
usually regarded as a rudimentary formation of prothallus 
tissue. The egg-apparatus probably represents three reduced 
archegonia. The female organs or archegonia themselves are 
lost, but their essential cells (oospheres) have persisted. Two 
of these, the synergidae, are functionless. In a few plants, 
however, one or other of the synergidae may be fertilised. 

The life-history of the Angiosperm may be represented as 
in Fig. 310. 
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5. The Flower. — We must now bring distinctly before the 
student the fact that the flower is simply a specialised repro- 
ductive shoot (see p. 8) bearing an aggregation of sporophylls. 
Morphologically , the flower is not a structure peculiar to the 
Phanerogams. It has its morphological equivalent, i.e. its 
homologue, amongst the Vascular Cryptogams, e.g. the 
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Fig. 310. Life-history of Angiosperm graphically represented. 


sporangiferous heads of Equisetum and Selaginella . Many, 
indeed, have extended the application of the term flower to 
these and similar structures amongst the Vascular Crypto- 
gams. On this view, the term Flowering Plant applied to the 
Phanerogam would be a misnomer. It is usual, at any rate, 
to restrict the term “ flower ” to the Phanerogams. This 
could be done by giving the following definition: — The flower 
is a specialised reproductive shoot bearing sporophylls and 
sporangia which are concerned in the production of seed . The 
point is of small importance practically ; the important thing 
is the recognition of the morphological equivalent of the 
flower. 
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6. The Seed. — The student should notice carefully that the 
seed is a highly specialised reproductive body consisting of 
structures representing three generations: (a) the parent 
sporophyte, viz. the integument of the ovule forming the seed- 
coat; (b) the female gametophyte — the endosperm tissue; 
and (c) the new sporophyte in embryo. 

7. Comparative Summary. — In Phanerogams , as in Vascular 
Cryptogams, there is an alternation of generations, but it is 
very much less distinct. The male and female prothalli are 
even more reduced than in Selaginella. This extreme reduction 
of the gametophyte is characteristic of the Flowering Plants. 

More important differences, however, have to be noticed. 
The megaspore (embryo-sac) is not set free from the sporan- 
gium (ovule). The female prothallus is developed inside the 
nucellus. The other differences are correlated with this. 
The special process of pollination is necessary in order to bring 
the microspore into the neighbourhood of the megaspore, 
and the male cell, which, except in the case of the more 
primitive types of Gymnosperm (see p. 453), is not a spermato- 
zoid, but a motionless gamete, is carried to the neighbourhood 
of the ovum by a special organ, the pollen-tube. 

Finally, there is the most characteristic difference of all — 
the formation of a seed. This also is clearly due to the 
retention of the megaspore in the ovule. The non-formation 
of a seed in Vascular Cryptogams is correlated with the 
liberation and independent germination of the spores. 
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RELATIONSHIP BETWEEN VASCULAR CRYPTOGAM 
AND FLOWERING PLANT. 

1. Homology and Relationship. — While studying the types 
discussed in the preceding pages the following questions have 
probably occurred to the mind of the student : What is the 
meaning of these homologies ? Why should there be such 
resemblances in the development and life-history of plants 
which in many other respects differ so widely from each other ? 
The answer to these questions is given by the Evolution Theory, 
now generally accepted by biologists in one form or another. 
Until recently all homologies discernible amongst the plants 
we have been considering have been regarded as due to an 
actual relationship existing between them — in other words, 
to the fact that they are descended fro m common ancestors. It 
is now recognised, however, that some of the morphological 
resemblances we call homologies must be ascribed to what is 
known as Parallel Evolution. To make these points clear 
the consideration of a few important principles is necessary. 

2. Struggle for Existence. — Let the student consider how 
numerous are the seeds produced by any one plant, and then 
reflect that the number of individuals in any one species 
remains approximately the same from one year to another. 
Evidently very few of the seeds develop into mature plants. 
Some fail to reach a suitable soil; others produce seedlings 
which, however, are crowded out and killed by other and 
hardier plants — and so on. There is, evidently, a very keen 
struggle for existence , , in which those which are best fitted, or 
most favourably circumstanced, will survive. When we speak 
of “ Survival of the Fittest ” we necessarily include “ Survival 
of the Luckiest,” since, for example, many a perfectly fit seed 
falls in waterlogged soil and simply rots from lack of oxygen 
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at germination, while a less fit or hardy seed may fall in good 
soil, and do well. 

All organisms are subject to this struggle for existence, 
which is keenest between members of the same species. 

3. Heredity and Variation. — It is well known that the 
characters of parents are transmitted to their offspring, so 
that the offspring resemble their parents more or less closely. 
This is the principle of heredity. 

Now if the offspring were exact copies of their parents and 
all equally vigorous , it would be h matter of chance which of 
them survived in the struggle for existence; those would 
survive which happened to be most favourably situated. 
But the offspring are not exact copies of the parents. As we 
know, they exhibit individual differences, some of which may 
appear for the first time in the history of the race. These 
characters in which offspring differ from their parents, or from 
other members of the species, are called variations. 

Variation, i.e. the fact that these variations do occur, 
introduces a new factor into the struggle for existence. 
Survival is not to the same extent a matter of chance. Some 
of the variations exhibited by plants may be useful or advan- 
tageous, i.c. they may give the individuals possessing them 
an advantage over other individuals in the struggle for 
existence by enabling them to cope better with the external 
conditions to which they are subjected. Thus in the struggle 
for existence the fittest will survive and their advantageous 
variations will tend to be transmitted and even intensified 
in their offspring. 

4. Natural Selection : Adaptation. — In each generation, the 
influence of the external conditions, by killing off the weaklings, 
unconsciously selects , as it were, those which by reason of some 
useful variation are more fitted for survival. This unconscious 
selective process, depending on the struggle for existence, is 
constantly operating in nature, and has been called Natural 
Selection. It may be compared with the conscious selection 
by a gardener, for purposes of propagation, of plants showing 
variations which he wishes to intensify. 
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Thus, in the evolution of plants, new characters would 
arise as small useful variations preserved by natural selection 
and intensified in the course of generations. These characters 
would be suited to the environment of the plant — in other 
words, they would be adaptive characters, otherwise they 
would not have been preserved by natural selection. This, 
in large measure, explains the adaptation to environment 
which is everywhere manifested by plants. 

Under changing conditions of environment, species which 
are incapable of appropriate adaptive variation tend to 
become extinct. 

The foregoing is a brief outline of “ Darwinism.” In recent 
years the Darwinian Theory of Natural Selection has been 
much criticised, more especially with regard to the nature and 
origin of inheritable variations. Darwin relied mainly on the 
selection of small individual variations, but he gave some 
consideration also to the direct action of the environment, 
and also to spontaneous variations such as “ sports.” How- 
ever this may be, most biologists are agreed (1) that inheritable 
variations, whatever their origin, do appear; (2) that these 
variations may be useful, neutral, or harmful; (3) that 
natural selection will at least weed out the “ harmful ” 
variations; (4) that in this way evolution will take place, 
and some of the new characters will be “ adaptive.” 

5. Origin of Species, Genera, etc. — If the student has 
followed what has been said above he should have no difficulty 
in realising that the forms of plants would become immensely 
modified during the lapse of long periods of time. Within 
the limits of a single species several distinct varieties might 
appear, and later, after further divergence, might be elevated 
to the dignity of species. In this way the original species 
would give rise to a group of species, i.e. a genus. Similarly, 
the genus might give rise to a group of genera, forming a 
family; and so on. 

6. Homology and Analogy. — While in the course of evolu- 
tion the forms of plant members would undergo extensive 
adaptive modification, many of the general developmental 
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characters of ancestral forms , more or less modified , would he 
constantly transmitted. These would he recognised as homo- 
logies in their descendants . In existing plants ancestral 
characters often have a purely morphological value, their 
original biological significance having been lost. Where 
adaptive modification has similarly affected different members 
in different plants we find examples of members which are 
analogous , but not homologous (see p. 18). 

It is evident that analogy is no indication of relationship. 
Aquatic plants, for example, have many features in common, 
but nevertheless no general relationship exists between them. 
It is now recognised also that structures to all appearance 
similar in origin and morphology, i.e. apparently homologous, 
may arise along different evolutionary lines owing to similar 
adaptive modification. There is good reason to believe that 
leaves in the higher plants have arisen independently from 
non-corresponding structures along parallel evolutionary lines ; 
and the same thing applies to seeds, so that evidence of 
relationship based on homology needs to be taken with 
caution, and supported by evidence from other sources. 

7. Course of Evolution in the Higher Plants. — We may 

suppose that the common ancestors of the Vascular Crypto- 
gams and Phanerogams were simple plants showing a distinct 
alternation of generations — the sporophyte probably an 
erect branched thallus, i.e. not yet differentiated distinctly 
into stem, leaf, and root, and producing asexual spores — the 
gametophyte a green thallus, bearing sexual organs more or 
less resembling antheridia and archegonia. From these 
primitive forms evolution proceeded along divergent lines, 
some leading to the various groups of vascular cryptogams, 
others to the seed plants. Some of the ancestral characters 
have been inherited in common by the descendants, while 
differences or modifications have arisen as different adapta- 
tions to changing conditions of environment. Let us see if 
we can trace some of the more important of the latter. 

We must first ask the student to notice that the sporophyte 
is evidently a plant adapted to aerial conditions, while the 
gametophyte, as we find it in the Fern or Equisetum, and. 
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presumably, as it existed in the ancestral forms, is adapted 
to moist conditions. Further, that in the Flowering Plants 
we have plants completely adapted to aerial conditions.* 

On the view that cross-fertilisation is of advantage to 
plants, we can understand the gradual evolution of unisexual 
prothalli (e.g. Equisetum). But why the reduction of prothalli 
and the heterosporous condition ? This is probably traceable 
to the more complete adaptation of the plant to aerial con- 
ditions. Evidently, if there was any uncertainty as to the 
conditions being sufficiently moist for the development of 
well-formed prothalli, the storing up of food-material inside 
the spore would be a useful variation. It was more necessary 
in the case of the female gametophyte because it had to 
nourish the embryo — hence the differentiation of a megaspore. 
From this stage onwards the spores and prothalli may be 
regarded simply as organs having for their function the 
production of a new sporophyte. 

Considering the uncertainty of the microspores reaching the 
megaspores the advantage of the retention of the megaspore 
in a secure and definite position in the sporangium will be 
perceived. The microspores being small would be readily 
blown about by the wind; and we can imagine that there were 
special means for catching them (cf. secretion of mucilage from 
the micropyle of Pinus). Here we trace the beginning of 
pollination. 

At first, probably, the microspore germinated on the surface 
of the female prothallus, and the spermatozoid made its way 
to the archegonium in water present on the surface of the 
prothallus and probably in part excreted by it. We can 
understand the gradual enclosure of the megaspore on the 
view that the embryo would be better protected and have a 
better chance of surviving. The development of a pollen- 
tube, which is correlated with this, would probably be 
stimulated by the presence of water on the surface of the 
partly covered megaspore or prothallus. 

* Aquatic Angiosperms have returned to aquatic conditions. Their 
ancestors were aerial types — cf. the whale among air-breathing verte- 
brates. 
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The study of fossils indicates that in primitive seed-plants 
fertilisation was elfected as in living Cycads (p. 453). The 
dependence of fertilisation on the presence of water was 
obviated finally by the pollen-tube itself carrying the male 
cell to the oosphere. 

In Gymnosperms we have clear evidence that a number of 
distinct megaspores and embryos (polyembryony, p. 285) 
were present in primitive seeds. The advantage of the 
reduction to one is evident, for one strong and well-nourished 
seedling is much more likely to survive than two weakly ones. 
After the complete enclosure of the megaspore, it lost its 
cuticularised coat, which is still found in Cycads, and the 
archegonium, being now a useless organ, gradually disappeared, 
the oosphere or ovum only persisting. Finally, the late 
development of endosperm in Angiosperms is of distinct 
advantage, as it is not required if fertilisation is not effected. 

Much of this, of course, is hypothetical, but close study of 
living and of fossil types affords evidence that it represents 
approximately the general course of evolution in the higher 
plants. 

8. Origin of the Flowering Plants. — The origin of the 
Dicotyledons, which appeared towards the close of Mesozoic 
times and rapidly attained a dominant position, has till 
recently been a mystery. There is now reason to believe 
that their ancestors are to be found amongst the Cycad-like 
plants (Cycadophyta) which flourished so abundantly in 
Mesozoic times. In the most important group of Cyadophyta, 
the Bennettiteae, the flowers (cones) were hermaphrodite. 
They consisted of an axis bearing stamens below and ovules 
above, together with intervening scales which also formed a sort 
of perianth below the stamens. The resemblance of this arrange- 
ment to that of a typical dicotyledonous flower is obvious. 
To this has to be added the fact that the seeds were almost 
exalbuminous and contained an embryo with two cotyledons. 

The Monocotyledons appeared about the same time as the 
Dicotyledons. Their origin is still obscure, but it seems 
probable that they represent an offshoot from the primitive 
dicotyledonous stock. 

i.bot. 30 
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The Cycadophyta, from which apparently the Angiosperms 
(and possibly also the Gnetaceae) have been evolved, appear 
to have sprung from fern-like ancestors which flourished in 
earlier Palaeozoic times. A group of Palaeozoic plants, the 
Cycadofilices, presenting resemblances to both Ferns and 
Cycads has for some time been recognised. Recently it has 
been found that these fern-like plants produced seeds resemb- 
ling in important respects those of Cycads. For this reason 
the plants are now called Pteridospermeae. 

The origin of the Conifers is still doubtful. They appeared 
in Palaeozoic times and were allied to an extinct group of 
Palaeozoic Gymnosperms, the Cordaiteae, which show affinities 
with the Cycads. Thus they may represent an earlier offshoot 
from primitive Pteridospermeae. 

9. Evolution of the Flower. — If the views as to the relation- 
ship between Dicotyledons and the Bennettiteae are well 
founded we may conceive the primitive Angiospermous 
flower as being hermaphrodite and consisting of an elongated 
axis bearing stamens below and carpels above. There can be 
no doubt it was anemophilous. The highly specialised 
Angiospermous flowers have been derived from this primitive 
type. Some of the growth processes which have led to 
modification of floral structure have been mentioned on 
p. 258. We have now to consider these modifications from 
the standpoint of evolution and to recognise their biological 
significance. 

If we remember that the course of evolution has been in 
the direction of the more perfect adaptation of the flower to 
the function of seed- and fruit-production, we shall understand 
that the evolutionary history of the flower may be interpreted 
by reference to the more important adaptations that have 
taken place. It is well to remember, however, that specialisa- 
tion, or advance in organisation, has followed many lines, and 
that along particular lines it may be illustrated within the 
limits even of a single order. Our families cannot be arranged 
in a linear series, but are best regarded as the terminal twigs 
of branches given off along the main stem of Angiospermous 
development. 
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(1) Protective Adaptations. — The fundamental distinction 
between Angiosperms and Gymnosperms, the formation of a 
pistil, no doubt arose as an adaptation securing the better 
protection of ovule and seed. The close association of leaves 
or bracts under the sporophylls was probably the precursor 
of a protective perianth. Here also we must refer to the 
gradual abbreviation of the floral axis, and the transition 
from hypogyny to perigyny and finally to epigyny. This 
marks an advance in organisation : the ovary and seeds were 
better protected by being enclosed in the thalamus. 

(2) Adaptations for More Economical and Efficient Seed- 
production . — At first the pistil was probably apocarpous, with 
few ovules in each ovary. Ready pollination would be 
facilitated by increase in the number of ovules or their aggre- 
gation in a single compound ovary. This explains the 
evolution of the syncarpous pistil. As pollination became 
more certain there would be a reduction in the number of 
stamens and carpels. This is characteristic of the higher 
and more specialised orders (e.g. amongst the Sympetalae). 
Amongst the Compositae the ovules are reduced to one in 
each ovary. Specialisation here has followed the line of 
elaboration not of the single flower, but of the inflorescence 
of small flowers. 

(3) Adaptations for Insect-pollination . — The evolution of 
Angiospermous flowers is intimately connected with insect- 
visitation and cannot be followed with any clearness except 
by reference to it. The transition from wind-pollination to 
insect-pollination and the general occurrence of the latter* 
are, of course, explained by the fact that insect-pollination is 
more economical and more certain. 

At first insects probably visited flowers to feed on the 
pollen. A slight secretion of sweet substance by the floral 
leaves, serving as a further attraction, no doubt led to the 
evolution of nectar-glands, while the sterilisation of the outer 
series of stamens probably led to the evolution of the corolla, 
and slight variations in form, facilitating the movements of 
insects, to the evolution of mechanical contrivances. 

* Some writers deny that any existing Angiosperm is primitively 
anemophilous. 
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At first, no doubt, the flowers were open, and the honey 
freely exposed. Adaptation to pollination by longer- tongued 
insects, necessitating concealment of honey, explains the 
evolution of the tubular form found in many flowers. This 
tubular form has arisen in various ways amongst the Archi- 
chlamydeae; in the Sympetalae it is secured by the gamo- 
petalous corolla, whose evolution is thus explained. The 
epipetalous condition of the stamens, which is usually associ- 
ated with the gamopetalous corolla, allows for the further 
narrowing of the tube. 

10. Fruits and Seeds. — Similarly we can explain through 
natural selection in the struggle for existence the evolution 
of succulent and other forms of fruit, and of the various 
contrivances and mechanisms for the dispersal of seeds and 
fruits. 



PART IV. 

THE LOWER CRYPTOGAMS. 


CHAPTER XVIII. 


LIVERWORTS AND MOSSES. 

1. The Group Bryophyta or Muscineae is divided into two 
Classes — the Hepaticae or Liverworts , and the Musci or Mosses 
(see p. 4 ). We shall consider Marcliantia as a type of the former, 
Funaria as a type of the latter. 

A. March anti a polymorph a. 

2. External Characters and General Life History (Fig. 311). 
— The plant, which is found on damp ground, most frequently 
by the side of ditches, streams, and springs, is a green dorsi- 
ventral dichotomously branching thallus (p. 7), giving off 
numerous unicellular, hair-like rhizoids from its under (ventral) 
surface, which also bears violet-coloured flattened scales 
(amphigastria) consisting of a single layer of cells. The 
thallus has a distinct midrib. Special erect reproductive 
branches spring from the upper (dorsal) surface of the thallus. 
These bear the sexual organs, antheridia and archegonia. It 
follows that the plant is the gametophyte , and, notwithstanding 
the difference in the size, the branching, and the position of 
the sexual organs, is equivalent to, i.e. homologous with, the 
prothallus of the Fern. This is an important point which 
must be carefully borne in mind. 

The branches bearing antheridia are called antheridiophores; 
those bearing archegonia, archegoniophores. They are borne 
on different plants, so that Marchantia is dioecious.* Each 

* Many species of Liverwort are monoecious. 
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consists of a stalk bearing a terminal disc or head, the recep- 
tacle. In both cases the stalk has two furrows which bear 
rhizoids. The receptacle of the male shoot is rounded and 
flattened and has a wavy margin; that of the female is star- 
shaped, bearing a number of spreading rays resembing the 
ribs of an umbrella. 


ANTHERIDIOPHORE ARCHEGONIOPHORE 



A, Male plant ; B, Female. 


The oospore produced by the fertilisation of the oosphere 
of the archegonium develops into a structure called the 
sporogonium, which gives rise to asexual spores. From the 
asexual spore a new gametophyte is produced. Evidently 
the sporogonium is the homologue of the sporophyte of the 
higher plants. It consists of a capsule borne on a stalk at 
the base of which is an absorbing organ called the foot. It 
thus shows a rudimentary differentiation into root (foot) and 
shoot (stalk and capsule), but the shoot is not differentiated 
into stem and leaves. The sporophyte generation in Liver- 
worts is parasitic on the gametophyte. 

The gametophyte reproduces itself vegetatively by means of 
gemmae, multicellular bodies developed in circular cup-shaped 
organs with membranous margins, called cupules, or gemma- 
cups, formed on the upper surface of the thallus (Fig. 311). 
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3. The Structure of the Thallus. — This is shown in Fig. 312. 
The great bulk of the thallus is composed of thin-walled paren- 
chyma. The cells towards the lower surface show reticulate 
markings on their walls. Those nearer the upper surface 
often contain numerous starch-grains. Here and there single 
cells with mucilaginous or oily contents occur. The upper 
superficial layer of cells (so-called “ epidermis ”) contains 

ASS1MILATORY TISSUE 



POOT-HAtRS 

Fig. 312. Tiiallus of Mahchantia. 

(Transvalue section.) 

chloroplasts ; there is no cuticle. Immediately beneath it 
there are large diamond -shaped air-cavities separated from 
each other by thin cellular partitions which connect the 
superficial layer with the underlying parenchyma. Short 
branched rows of small oval ceils packed with chloroplasts 
grow up from the floor of each air-cavity; these form the chief 
assimilating tissue of the plant. 

In the middle of the roof of each cavity there is a large 
pore (Figs. 312, 313), bounded by several tiers of cells. Corre- 
sponding to the air-spaces the surface of the thallus is marked 
out into a number of diamond-shaped areas, in the middle of 
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each of which the pore shows as a dot. The pores differ 
altogether from stomata in their development, although they 
are analogous organs having the same function. True stomata 
are not developed on any gametopliyte. The absence of 
vascular tissue should especially be noticed 

0 (see p. 20). 

The ventral scales and rhizoids are de- 
veloped more especially on the midrib. 
The scales have sometimes been regarded 
as leaves. The rhizoids in Marchantia are 
of two kinds: ( a ) long slender hairs, with 
-o\o- curious peglike thickenings developed 

Fig. 313. Pore internally on their walls; (b) stouter hairs 
seen from above, without thickenings. These rhizoids 
absorb inorganic solutions in the usual 
way and fix the plant to the soil. 

The growth of the thallus is effected by a group of initial 
cells at each growing-point. 


4. The Gemmae. — The gemmae (Fig. 
314), are flattened isobilateral bodies 
with a notch on each side. They are 
developed from single superficial cells 
of the thallus. Most of the cells con- 
tain chloroplasts, but here and there 
are larger clear cells, which are capable 
of forming rhizoids. The growing- 
points are situated in the notches and 
grow into new thalli. 



1 OIL-CELLS 
RHIZOID CELLS 


- v , y _. Fig. 314. Gemma of 

5. (a) The Anthendiophore (Fig. Marchantia. 

315). — The lower surface of the recep- (surface view.) 

tacle of the antheridiophore bears 

rhizoids and scales like the thallus. The upper surface is flat. 
The tissue of the receptacle is similar to that of the thallus. 
Air-cavities are present, opening by means of pores on the 
upper surface. But in addition to these there are large flask- 
shaped cavities, also opening by small apertures called ostioles 
on the upper surface. These cavities are arranged in rows 
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radiating out from the centre, and an antheridium is developed 
on the floor of each. The antheridium (Fig. 31 6) consists of an 
oval capsule borne on a short multicellular stalk. The wall of 


ANTHERIDIUM 

OSTIOLE 


AIR-CHAMBER 

I 

' , PORE 



(Vertical section of receptacle.) 


the capsule consists of a single layer of cells containing chloro- 
plasts. Inside there is a mass of spermatocytes, each of which 
gives rise to a bi-ciliate spermatozoid. 

In the development of the anthcri- 
dium a cell grows out from the upper 
surface of the young receptacle, and 
is immediately divided into two. 

The upper cell forms the capsule; 
the lower, the stalk. By a series of 
divisions the wall of the capsule is 
marked off from a group of central 
cells from which the spermatocytes 
are developed. The antheridium is 
gradually enclosed in a flask -shaped 
cavity owing to the growth of the Fig. 316 . Antheridium of 
surrounding tissue. The spermatozoid Marohantia. 

is developed, as in the Fern, chiefly 

from the nucleus of the mother-cell, and at first bears a posterior 
vesicle. 



5 (6). The Archegoniophore (Fig. 317). — The tissue of the 
receptacle of the archegoniophore is similar to that of the 
thallus. There are large air-cavities opening by pores on the 
upper surface, and large mucilage-cells are present. The 
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archegonia are developed on the under surface of the receptacle. 
They are arranged in radial rows which alternate with the rays 
of the receptacle. The youngest lie nearest to the stalk of 
the archegoniophore. The margins of the rays grow down 
and form curtain-like membranes, the perichaetia, which 
envelop the archegonia. 


MUCILAGE 



PERICHAETIUM 

Fig. 317. Archegoniophore of Marchantia. 


(Section between two rays. ) 

The archegonium is borne on a short stout stalk and consists 
of a dilated venter and a very long neck. The wall of the 
venter consists of one layer of cells. It contains the oosphere 
and the ventral canal-cell. In the canal of the neck there is 
a row of neck-canal-cells. The neck consists of six longitudinal 
rows of cells surrounding the canal. The terminal cells, called 
lid-cells, are at first united, so that in the young archegonium 
the apex of the neck is closed. When the archegonium is 
mature the ventral canal-cell and the row of neck-canal-cells 
become disorganised, and are converted into mucilage which 
absorbs water, forces open the lid-cells and oozes out of the 
neck. 

The archegonium is developed as a protuberance from a single cell 
(Fig. 318). This grows out and is cut off by a wall. It is then divided 
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transversely into two. The basal cell undergoes a few divisions and 
forms the stalk. The other eell is the rnothcr-rell of the arehegonium. 
It is divided by three longitudinal walls into three peripheral cells and 
one central cell. The central cell overtops the peripheral cells, and its 
apical portion is cut off as 


the lid-cell, which afterwards 
by further division forms the 
lid-cells of the nock. The 
peripheral cells are further 
divided longitudinally into six, 
which are called envelope-cells. 
The six envelope-cells and the 
single central cell are then 
divided transversely into two 
storeys. The lower storey 
forms the venter; its envelopo- 
cells further divide to form the 
wall; its central eell divides 
into oosphere and ventral 
canal- cell. The upper storey 
forms the neck; its central 
cell forms by division the row 
of 8-16 neck-canal-cells. 


STALK-CELL 


6 


LID-CELL 



NEC 


•VENTER 
OOSPHERE 

" VENTRAL CANAL-CELL 
" NECK 

‘ NECK CANAL-CELLS 

Fig. ,‘US. Development of Arche- 

GONTUM OF MARCHANTIA. 


6. Fertilisation and Development of Sporogonium (Fig. 319). 
— Fertilisation takes place when the plants are wet with rain 
or dew, and is effected in exactly the same way as in the Fern. 
The antheridium bursts at the apex, and the spermatozoids 
are set free. They are attracted to the archegonia by some 
protein substance present in the mucilage which oozes out of 
the neck. The effects of fertilisation are not confined to the 
oospore. The whole archegoniophore elongates and becomes 
very much larger (of. fruit-formation in Flowering Plants). 
The venter of the arehegonium continues to grow; it is now 
called the calyptra, and forms an investment round the 
developing embryo. A loose cup-shaped structure, the peri- 
gynium, which makes its appearance just before fertilisaton 
(Fig. 317) as an outgrowth of the stalk at the base of the 
arehegonium, also grows rapidly and surrounds the calyptra 
and embryo. 

The oospore is first divided transversely by a basal wall 
into an upper or epibasal and a lower or hypobasal cell (a). 
Then two other walls, at right angles to each other and to 
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tlie basal wall, divide the oospore into octants (cf. the Fern). 
The hypobasal octants being further divided give rise to a 
short bulbous foot (b) which absorbs nourishment from the 
receptacle (cf. Fern), and a short stalk which is produced 
rather late in development by intercalary growth. The 



Fig. 319. Segmentation of Oospore and Development of Sporo- 

GONIUM OF MaRCIIANTIA. 

epibasal half forms the capsule of the sporogonium. By a 
wall formed parallel to the surface in each epibasal octant a 
central region, the endothecium, is marked off from a peripheral 
layer, the amphithecium (b). The wall of the capsule, con- 
sisting of a single layer of cells, is formed from the amphithe- 
cium. 

The whole of the endothecium constitutes the axchesporium. 
Some of the cells produced by the division of the archesporial 
cells are sterile; they become elongated, spindle-shaped, and 
spirally thickened. These curiously modified cells are called 
elaters (e); they are hygroscopic, and when the sporogonium 
opens they aid in scattering the spores. The other cells 
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GERM-DISC 


produced from the archosporium are spore-mother-cells. 
Each gives rise exactly as in the Fern to four 

spores. 

Eventually the capsule breaks through the 
arehegoniurn (calyptra) owing to the elonga- 
tion of the stalk. It splits longitudinally 
into a number of divisions or teeth, and the 
spores are set free (d). 


7. Germination of the Spore (Fig. 320).— At 
germination the exosporium is ruptured, and 
the endosporimn grows out to form a short 
tube (germ-tube). The further growth of 
this is at first filamentous, but eventually a 
small green cellular plate (germ-disc) is pro- 
duced. The whole structure is called the 
protonema. The young Marchantia plant 
arises from this as a lateral outgrowth. The 
protonema then dies. It will be noticed that 
the development of the “ plant ” is indirect 
or heteroblastic. It is preceded by a pro- 
embryo, the protonema. 



- SPORE 


Fig. 320. Pro- 
tonema of 

M A R C H A N - 
TIA, SHOWING 

Young Thal- 

IAJS DEVELOr- 
ING FROM 

Germ -disc. 


r 


SPOROGONIUM 


SPORE 




OOSPORE 

K 

OOSPHERE SPERMZD 

t t 

ARCHEG. ANTH M 


PLANT 


U 


PROTONEMA — 

/(GAMETOPHYTE) 



VEG. REPROD* 

Fig. 321. Life-history of Muscineae. 

In Marchantia the gametophyte is represented by two plants. 


The life-history of Marchantia is represented graphically 
in Fig. 321. 
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B. Fun aria uygrometrica. 


External Characters (Fig. 322). — Fimaria is a common 
which grows in dense tufts or patches on the surface of 
the ground, often on the tops of walls. 



The plants are small, being scarcely 
half an inch in height. They are differ- 
entiated into stem and leaf (leafy shoot), 
but there is no true root . The dark- 
coloured base of the shoot gives off 
numerous slender, brown, multicellular 
rhizoids, which pass down into the soil. 
The leaves are simple and more or less 
ovate. They show a distinct midrib, 
and have a jj spiral phyllotaxis. There 
is comparatively little branching: it is 
lateral, but not axillary; the branches 
are given off beneath the leaves. 


Fig. 322. F unaria 

with Sporogonium. 9. General Life-history. — The plant, as 
in the Hepaticae, is the gametophyte, 
but is much more highly differentiated. In the Mosses the 
gametophyte attains a high degree of development. The 
antheridia and archegonia are borne at the apices of the 
shoots, concealed amongst the leaves of the apical bud (Fig. 
324). F unaria is monoecious. The apical buds containing 
antheridia can be more or less easily distinguished, as their 
leaves spread out and form rosette-like structures called 
perigonia or perichoetia. The central leaves of the rosette 
are often reddish in colour. The shoots bearing archegonia 
spring from the bases of the male shoots; their apical buds 
are not specially distinguished. 

It should be carefully noticed that the stem and leaves of 
the moss are not homologous with, but only analogous to, 
the stem and leaves of the fern-plant; they belong to different 
generations. 

In Mosses, as in Hepaticae, the sporophyte generation is 
represented by a sporogonium derived from the fertilised 
ovum. The sporogonium (Fig. 322) is rather more highly 
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differentiated, and consists of a capsule or theca, a stalk called 
the seta, and a foot. 

The asexually produced spore gives rise to a protonema 
(Fig. 329), which, however, is a much larger and longer-lived 
structure than that of Ilepaticae. It is a much-branched 
filament bearing an external resemblance to a green alga. The 
cells of most of the branches contain numerous chloroplasts, 
while others pass down into the soil, and are not to be dis- 
tinguished from rhizoids. The rhizoids of many mosses may 
in fact form protonemata. The moss-plant is developed on 
the protonema as a lateral bud. The protonema continues to 
grow for some time, and produces numerous plants. Thus, 
as in Hepaticae, the development of the gametophyte from the 
asexual spore is indirect. 

F unarm has great powers of vegetative reproduction. 
Protonemata may be produced from any part — rhizoids, 
stem, leaf, and even from the sporogonium. In the last case 
we have an instance of apospory (p. 415). Some mosses form 
multicellular gemmae , but this is not the case in F unaria. 



RHIZOID 
41 EPIDERMIS " 
THICK-WALLED 
AND 

' THIN-WALLED 
CORTEX 


10. Structure of the 
Stem (Fig. 323).— The 
outermost layer of cells 
of the stem is marked 
off as an “ epidermis” 

Beneath this is a many- 
layered cortical region, 
surrounding a central 
strand of elongated 
thin- walled cells. 

The cells of the 
cortex contain chloro- 
plasts, and in the outer 
region their walls are 
thickened. The central 
strand is a conducting 
tissue, and must be considered as representing a rudimentary 
vascular cylinder , analogous to the stele of the sporophyte in 
higher types. In some mosses, such as Polytrichum, but not 


CONDUCTING 

STRAND 


Fig. 323. Stem of a Moss. 

(Trams verse section.) 
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in F unarm , the conducting strand shows a central region of 
thick-walled cells surrounded by a region of thin-walled cells. 
This would be analogous to the differentiation into xylem 
and phloem. 

The growth of the stem in Mosses is effected by a three-sided apical 
cell like that of the Fern. The segments cut off from it divide into inner 
and outer halves, of which the former give rise to the central conducting 
tissue. Each outer half is divided into upper and lower parts. The 
upper part protrudes as a two-sided apical cell, and develops into a leaf. 
The lower part forms the cortical tissue of an internode. If branching 
occurs, the branch is formed from this lower part. 


LEAF LAMINA ANTHERIDIA PARAPHYSES 



Fig. 324. Apex of Male Shoot of F unaria. 

(Longitudinal section.) 


11. Structure of the Leaf (Fig. 324). — Except at the midrib 
the leaf consists of a single layer of cells containing chloro- 
plasts. This is the assimilating tissue. The leaf is thickened 
at the midrib, which contains a strand of thin-walled con- 
ducting cells like those of the stem. In some mosses these 
strands join on to the central strand of the stem, but in 
Funaria this is not the case; here there are no leaf-traces. 
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12. The Antheridia (Figs. 324 and 325, a) are club-shaped 
bodies, borne on stout multicellular stalks. The wall of each 
consists of a single layer of cells, 
within which are numerous 
spermatocytes. On the access 
of water the antheridium bursts 
at the apex, and the spermato- 
cytes are liberated. Their walls 
become mucilaginous, and the 
spermatozoids (Fig. 325, c) 
escape. They arc biciliate like 
those of Hepaticae. 

The antheridia are developed from 
single cells at the apex of the shoot, 
including even the apical cell. The 
ceil grows out, and is divided into 
two. The lower cell forms the stalk. 

The upper grows like an apical cell, 
and gives off two series of segments, 
which arc divided into central cells, 
from which the spermatocytes are 
developed, and peripheral cells form- 
ing the wall. This mode of apical 
growth, which is characteristic of 
Mosses, is unusual. 

13. The Archegonium (Fig. 

325, d) is like that of Hepaticae; but the stalk is more 
strongly developed. The wall of the venter consists of two 

layers of cells. There is a 
long twisted neck, consisting 
of six longitudinal rows of 
cells, surrounding the central 
canal. 

The archegonium (Fig. 326) is 
developed from a single cell, which 
may be the apical cell of the shoot. 
The cell grows out, and the pro- 
tuberance is divided into two. 
The lowir cell forms the stalk. 
The upper cell functions as an 
apical cell. It shows continued growth, and gives off segments forming, 

b BOX. 31 





- APICAL CELL 
STALK-CELL 
"^-'APICAL CELL. 

) - PERIPHERAL CELL 


LOWEST CENTRAL 
CELL 
STALK 

Fig. 326. Development of 
Archegonium of Moss. 



Fig. 325. Sexual Organs of 
F unaria. 

A, Antheridium ; D, Archegonium. 
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after further division, tiers of cells, each tier consisting of a central 
cell and surrounding peripheral cells. The lowest central cell forms 
the oosphere and ventral canal-cell; the other central cells form the 
neck-canal-cells. The peripheral cells form the cells of the neck and 
venter. Here also the continued apical growth is highly remarkable. 

The ventral canal-cell and neck-canal-cells are to be regarded as 
function less female gametes. 


14 . Fertilisation is effected in the usual way. The sperma- 
tozoids make their way to the archegonia when the plants 
are wet with dew or rain. The attracting substance here 
seems to be cane-sugar. The oospore develops into the 
sporogonium. 

15 . Structure of Sporogonium (Fig. 322). — The sporogonium 
representing the sporophyte generation is differentiated into 
root and shoot, but not into stem and leaves. It consists of 
foot, seta, and capsule. The foot (Fig. 328, e) is a small 
conical structure which buries itself in the apex of the female 
shoot, and serves for the absorption of nutriment. It is 
invested by a membranous sheath, the vaginula, representing 
the lower half of the archegonium, which is ruptured during 
the development of the sporogonium. The seta is a long 
slender structure of a reddish colour. It has an “ epidermis,” 
a thick-walled cortex, and a conducting strand like that of 
the moss-plant. 

The capsule (Fig. 327) is a pear-shaped structure. Its solid 
basal reg^pn is called the apophysis. The epidermis of the 
apophysis has true stomata. At each end of the pore the wall 
between the two guard-cells breaks down, so that the pore 
seems to be surrounded by a single ring-shaped cell. The 
parenchymatous cells beneath the epidermis contain chloro- 
plasts. The conducting strand of the seta is continued into 
the apophysis. It has been proved that the sporogonium can 
assimilate all the carbon that it requires, so that only inorganic 
solutions are absorbed by the foot. It may be regarded as 
only semi-parasitic. 

The wall of the capsule consists of several layers of cells; 
the inner layers contain chloroplasts. Internal to this is a 
large air-space traversed by delicate strands of cells. Next 
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comes the spore-sax;, surrounding a sterile central column, the 
columella. The outer wall of the spore-sac consists of two or 
three layers of cells. The inner wall lies next the columella. 



(Longitudinal section.) 


At the apex of the capsule is a sort of lid, the operculum, 
which separates off when the capsule dehisces. The dehis- 
cence is effected by the rupture of a ring of cuticularised 
epidermal cells, the annulus, round the base of the operculum, 
immediately above the upper end of the spore-sac. When 
the operculum comes away a number of yellow, thickened, 
tooth-like structures, constituting the peristome, project. 
These are hygroscopic, and allow the spores to escape only 
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when the air is dry. In Fun aria there arc two rows of peri- 
stome teeth (outer and inner). They represent the outer and 
inner thickened and cutieularised regions of the walls of a 
plate of cells which have otherwise broken down. The sixteen 
outer teeth of the peristome are joined at their tips by a small 
disc of tissue. The apex of the capsule is covered by a mem- 
branous cap, the calyptra (Fig. 328, e), representing the upper 
half of the ruptured arehegonium. 



ARCHEGONIUM 
APICAL CELL 
- " INNER CELLS 
OUTER CELLS / 




"'AMPhithecium 
k\V - ARCHESPORIUM 


- COLUMELLA 


EMBRYO" 


FOOT 



APEX OF\ MOSS-PLANT 

Fig. 328 . Development of Sporogoniijm of F unaria. 

15, C, 1), transverse section ; D, in region of Capsule. 


16. Development of Sporogonimn (Fig. 328). — The oospore 
is first divided by a basal 'Wall into hypo- and epi-basal cells. 
By further division a two-sided apical cell is formed at each 
end. The two rows of segments cut off from the apical cell 
at the hypobasal end form the foot (a). The epibasal half 
also forms two rows of segments (a, b). The segments are 
divided into outer and inner halves (a, c). In the region of 
the seta the inner halves form the central conducting tissue; 
the outer halves the cortical tissue. In the region of the 
capsule, which is not distinctly marked off from the seta till 
the embryo has elongated considerably, the outer halves 
constitute the amphithecium ; the inner halves the endo- 
thecium (i>). 
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The archesporitun is the outermost layer of the endothecium, 
the rest of the endothecium forming the columella. Every- 
thing outside the sporogenous tissue, including the outer wall 
of the spore-sac, is derived from the amphithecium. The 
operculum slowly differentiates, and the innermost layer of 
the amphithecium over the region covered by the operculum 
gives rise to the peristome. The archegonium is ruptured 
during the elongation of the sporogonium. The spores are 
developed from the mother-cells in the usual way. There are 
no elaters. 


17. Germination of 
the Spore (Fig. 329). — 

When the spore germi- 
nates, the exosporium 
is ruptured and the 
endosporium grows out 
at each end into a 
germ-tube. At one end 
the germ-tube forms a 
rhizoid. The other 
develops into the pro- 
tonema. The growth of 
each branch of the pro- 
tonema is effected by 
means of its apical cell. 

18. The Young Moss-plant (Fig. 329) arises as a little bud 
from a cell of the protonema close to a septum. In this 
protuberance oblique divisions appear, and these separate 
the apical cell of the young plant from those which give rise 
to the first leaf and the first rhizoid. 

The life-history is represented graphically in Fig. 321. 

19. Summary and Conclusions. — Thus, in the Bryophyta, 
there is a distinct alternation of generations. The game- 
tophyte is the plant ; the sporophy te generation is represented 
by a sporogonium parasitic or semi -parasitic on the game- 
tophyte. The relative importance of the two generations has 



Fig. 329. A, Germinating Spore; B, 
Protonema of Funaria. 
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been reversed as compared with what we find in Vascular 
Cryptogams and Flowering Plauts. The sporophyte is 
practically only a sporogenous capsule; there are no distinct 
sporangia. A seta is developed simply to elevate the capsule, 
and a foot to absorb nourishment. 

It is only in some Liverworts that the plant-body is a 
thallus; in the great majority it is differentiated into stem 
and leaves. In Liverworts the protonema, if developed at 
all, is small and short-lived, elaters are usually present, and, 
with a few exceptions, there is no columella. In Mosses the 
protonema is well developed; there is a columella, but no 
elaters. 

Antheridia and archegonia are the characteristic sexual 
organs of the Bryophyta and Pteridophyta. For this reason 
the two groups are together spoken of as the Archegoniatae . 

20. Belationship of Bryophyta to Pteridophyta. — There is a very 
wide gap between the Bryophyta and the Pteridophyta — wider even 
than that between the Pteridophyta and Phanerogams. Nevertheless, 
the homologies discernible between the two groups — e.g. the alternation 
of generations, the similarity in the general course of the life-history, 
the character of the sexual organs, the development of the spores, etc. 
— leave no doubt that they are genetically connected, in other words, 
that the two groups are descended from common ancestors. The 
question of the evolution and relationship of Bryophyta and Pterido- 
phyta is bound up with the question as to the origin and evolution of 
the sporophyte generations in these groups. 

21. Origin and Evolution of the Sporophyte. — A consideration of the 
simple organisation of the sporogonium of Bryophyta naturally suggests 
questions as to the origin of the sporophyte generation, and to the 
stages through which it passed in the course of its evolution till it 
became the conspicuous generation (the plant) in the higher groups. 

There are two theories with regard to this, both of which agree that 
the course of evolution is correlated with adaptation to aerial conditions 
which ensued when the aquatic algal ancestors began to encroach on 
the land. 

(I) The Homologous Theory of the origin of the sporophyte suggests 
that the sporophyte generation was already potentially present in the 
primitive Green Algal ancestors of Bryophytes and Pteridophytes. It 
is certainly very significant that in Dictyota, a present-day Brown Alga, 
there is an alternation of generations, the two generations being, however, 
similar plants; while the tetraspore formation in Dictyota strongly 
suggests the tetrad division of the spore mother-oells in the sporophyte 
of Bryophytes. In the evolution of the Liverworts and Mosses there 
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was a tendency, in adaptation to moist land conditions, to elaborate 
the gametophyte which hero reaches its highest development as an 
erect structure bearing “leaves”; while along the Pteriodophyte lino 
the gametophyte w'as reduced, and the sporophyte developed, in 
adaptation to dry land conditions. On this theory those thalloid 
Hepaticae with very simplo eporogonia would be reduced forms, not 
necessarily primitive forms. 

(2) The Antithetic Theory assumes that the Bryophytes and Pteri- 
dophytes arose from algal ancestors in which, as in many algae at the 
present day, there was no sporophyte. The oospore developed directly 
into a new gametophyte, the first nuclear division in the oospore being 
the reducing division. According to this theory, therefore, the sporo- 
phyto generation would be a new invention — a stage in the life-history 
intercalated in the course of evolution between two successive game- 
tophytes in adaptation to the new conditions which the primitive 
aquatic plants encountered when they began to encroach on the land. 
On this theory the thalloid Hepaticae with simple sporogonia would be 
regarded as primitive. 

The Evolution of the sporophyte probably began by the reduction 
division of the oospore being delayed, the oospore breaking up into a 
number of small spores each capable of giving rise to a gametophyte. 
Examples of such subdivision are found in many Algae, and its advantage 
to plants beginning to encroach on conditions which endangered the 
fertilisation -process is obvious. 

As adaptation to land conditions proceeded there would doubtless be an 
increase in the number of spores, as an increased output would be an 
advantage in the struggle for existence. This increase, however, could 
not go on indefinitely unless suitable provision were made for the 
nourishment, protection, and scattering of the spores. The further pro- 
gress of the sporophyte cannot bo traced with any certainty, but a 
study of the sporogonium in Bryophyta suggests wdiat are believed 
on various grounds to be the more important factors in the process. 

In liiccia, one of the simplest Liverworts, the sporogonium is simply 
a spherical capsule containing spores. In most of the Bryophyta, 
however, there is a distinction of base and apex and a foot is developed. 
In the Liverworts the function of the elaters is partly to nourish the 
spores, and partly to help in their dispersal. The central columella of 
Mosses serves as a tissue conducting nourishment; and, ow r ing to its 
development, the spores are produced from the more external tissues, 
with the result that their dispersal is facilitated. These parts, foot, 
elaters, columella, have evidently been derived from tissue originally 
sporogenous. Here we trace the beginnings of the vegetative system 
in the sporophyte; owing to its development the formation of spores is 
postponed, their immediate formation being no longer an urgent neces- 
sity. In most Liverworts nourishment is supplied chiefly by the 
gametophyte; but in Anthoceros and in Mosses the capsule contains 
chlorophyll and bears stomata, so that the sporophyte largely helps in 
providing nourishment. 
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So far we have recognised what are regarded as three important 
factors in the evolution of the sporophyte: (a) sterilisation of tissue 
originally sporogenous, leading to the development of a vegetative 
system; ( b ) the consequent postponement of spore-production: (c) the 
superficial development of spores owing to sterilisation of central tissue. 

Along the Pteridophyte line, however, the operation of these factors 
was supplemented by that of others, which have been indicated by 
various converging lines of evidence : — 

(1) Provision was made for more extensive formation of vegetative 
tissue, and further postponement of spore-formation by the development 
of an apical growing point. In this connection the growth of the 
sporogonium of Mosses by means of an apical cell should bo noticed. 

(2) The nutrition of the spores was undertaken more and more 
completely by the sporophyte. The development of leaves and roots 
would be correlated with this. The root was undoubtedly a secondary 
formation evolved in response more especially to the necessity for 
securing an adequate supply of water. We can readily conceive the 
primitive sporophyte borne on a thalloid gametophyte sending down 
absorbing organs into the soil. During the early imperfect stages of 
evolution the foot would continue to carry on its absorbing functions; 
but gradually its period of functional activity would be restricted to 
embryonic stages. The leaves no doubt originated as small, lateral 
outgrowths of sterile tissue providing for increased assimilation. 

(3) It is probable that the actual sporogenous tissue was now, owing 
to further sterilisation, segregated in small masses or pockets, which, 
for reasons already given, would be developed from the superficial 
tissues, and, for protection, would naturally be associated with the leaves. 
Here we have the origin of sporangia. 

We may now conceive of the shoot of the primitive Bporophyte as a 
radial axis with an apical growing point, and bearing numerous small 
leaves with which the sporangia were associated. The leaves, therefore, 
were sporophylls. As the vegetative system became more extensive it 
is probable that in the lower part the sporangia disappeared, and the 
leaves in that region came to have purely vegetative functions. A 
condition not much more advanced is found in some primitive existing 
species of Clubmoss (Lycopodium, e.g. L. selago). The indefinite 
extension of the vegetative system, with consequent postponement of 
spore -formation, being provided for by continued apical growth, and 
later by branching of the axis, it is probable that the sporophylls came 
to be more and more restricted to the upper parts of the plant. 

While this was the probable course of development along one line of 
evolution, there were no doubt variations along other lines. In the 
Ferns, for example, we have a group in which the leaves apparently 
underwent a groat development, and continued, to a large extent, to 
function as sporophylls (with numerous sporangia). In this connection 
it should be noticed that, if the Angiosperms are really descended from 
fern-like ancestors (p. 465), their sporophylls must not only have under- 
gone specialisation, but also extensive reduction in size and complexity. 
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22. Sporophylls and Foliage Leaves.- Till recently it was generally 
believed that sporophyUs were derived from foliage leaves, which in 
the course of evolution began to develop sporangia, and, being thus set 
apart, as it wen?, for reproductive purposes, underwent extensive 
modification. This view' can no longer be regarded as tenable if the 
course of evolution has been on the lines described above on the anti- 
thetic theory. Indeed, tho opposite view would be nearer the mark, 
for if w’ould seem that the first leaves were sporophylls, and that the 
foliage leaves were derived from them by suppression of their sporangia. 

We may suppose, however, that the primitive leaves combined 
vegetative and reproductive functions. Later these functions were 
differentiated, and the specialisation of foliage leaves and sporophylls 
proceeded along separate lines. The infinite variety of form and 
organisation exhibited by the foliage leaves of flowering plants must 
be ascribed to the fact that, being purely vegetative organs, they are 
more subject to the modifying influence of external conditions than 
sporophylls, and have therefore undergone more extensive adaptive 
modification. 



CHAPTER XIX. 


THE ALGAE. 

1. General Characters. — The Algae constitute one of the 
two important Classes into which the Thallophyta are sub- 
divided. They are adapted to aquatic or moist conditions. 
Many are fresh- water forms, but the great majority live in 
the sea, and constitute the assemblage of organisms called the 
marine Algae or seaweeds. Many of the lower forms are uni- 
cellular. In the higher forms the vegetative body is usually 
a thallus: but many show a more or less well-marked differ- 
entiation into root and shoot, and some also into stem and 
leaf. Structurally, the thallus consists entirely of living cells, 
although, in some of the larger forms, distinct conducting and 
assimilating tissues are developed. 

In essential points the processes of nutrition resemble those 
of the ordinary green plant, while differing widely in detail 
(see p. 15). All the Algae contain chlorophyll, but, in many, 
the green colour of the plastids is masked by the presence of 
other colouring matters. These are chiefly a yellow colouring 
matter (fucoxanthin) in the Brown Algae, a red colouring 
matter (phycoerythrin), and a blue colouring matter (phyco- 
cyanin). The differences in colour arc correlated with 
important differences in development and life-history — hence 
the convenient division of the Algae into Green (Chloro- 
phyceae), Brown (Phaeophyceae), Red (Rhodophyceae), and 
Blue-green (Cyanophyceae or Myxophyceae). The Brown 
and Red Algae are mostly marine. 

2 . Reproduction. — While some of the lower Algae have 
only a vegetative method of reproduction by cell-division, in 
the higher Algae sexual reproduction and asexual reproduction 
by means of spores are both of general occurrence. 

490 



REPRODUCTION OF ALGAE. 


491 


It has been found that the production of sexual organs 
and of spores is largely determined by external conditions. 
Some conditions favour sexual reproduction, others asexual. 
Thus, while spores and sexual organs may be produced on 
the same plant, they are usually found at different times. 
In many cases it can be recognised that sexual reproduction 
takes place when the conditions for growth are becoming 
unfavourable, and that the sexually produced spore is of the 
nature of a resting spore. Frequently also it is found that 
one or more generations of asexual plants may occur before 
the appearance of a generation which bears sexual organs. 

3. Asexual Reproduction. — The spores may be special 
non-motile cells. But frequently, in adaptation to aquatic 
conditions, they are naked protoplasmic bodies (protoplasts) 
which move by means of cilia, and are called zoospores; in 
this case they are formed, one or more, by rejuvenescence of 
the contents of a mother-cell (p. 48). 

4. Sexual Reproduction. — The gametes and the gametangia, 
i.e. the organs producing the gametes, may or may not be 
differentiated into male and female. If the sexual process 
consists in the conjugation of exactly similar gametes (p. 48) 
it is said to be isogamous; if of similar gametes of different 
size (micro- and macro-gametes) it is anisogamous; in both 
cases the zygote formed is termed a zygospore. If it consists 
in the fertilisation of an oosphere by a male element it is 
heterogamous (as in higher types) and the zygote is an oospore. 
This applies to the Green and Brown Algae; in the Red Algae 
the sexual processes are very peculiar and highly specialised. 

The zygospore or oospore may develop directly into a new 
plant; but frequently it either forms a number of spores or 
zoospores by division or gives rise to a small body in which 
they are formed. This has been regarded as a rudimentary 
development of a sporophyte generation. It occurs in 
most fresh-water Algae where an oospore or a zygospore 
is formed, and apparently the first nuclear division is a 
reducing division, as in the division of the spore mother- 
cells in the higher plants. 
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5. Alternation of Generations.— In the Algae, as in Tlial- 
lophyta generally, there is no regular fixed alternation of 
generations comparable with what we find in the higher 
plants. Those who favour the Antithetic Theory of the origin 
of Alternation believe they can recognise in the life-histories 
of various types a rudimentary development of a sporophyte 
generation (see § 4), but this is extremely doubtful. Even in 
cases where the life-history includes two forms or plants, 
these forms do not as a rule alternate regularly, and are clearly 
not equivalent to the two generations in the higher plants. 

We have seen that, in the higher plants, the sporophyte is 
diploid, while the gametophyte is haploid, the phenomenon 
of the doubling and the halving of a chromosome number 
being associated in a definite way with the alternation of 
generations. Attempts have been made to discover whether 
anything similar occurs among the Thaliophytes. A reducing 
division has now in a good many cases been demonstrated, but 
it has been found that it does not occur always at the same 
point in the life-history. Sometimes it takes place at the 
first division of the oospore; in this case the plant is haploid; 
but it may not take place, as in Fucus for example, until the 
divisions which lead to the formation of the sexual cells, and 
the sexual plant is diploid. 

It is, however, an interesting fact that in Dictyota , one of the 
Brown Algae, a sexual plant with reduced number of chromo- 
somes regularly alternates with an asexual plant having the 
double number, the reducing division taking place at the first 
division of the spore mother-cells. This corresponds exactly 
with what is found in the higher plants, except that the two 
plants in Dictyota resemble each other in appearance and 
adaptation. 

It has already been mentioned (p. 486) that, according to 
the Homologous Theory of alternation, alternation in the 
higher plants was evolved by the gradual differentiation of 
two such “ homologous ” plants. Another example is found 
in Laminaria , also one of the Brown Algae. Here the sexual 
plants are much reduced and much smaller than the asexual 
plants, a condition which may be compared with what we find 
in the Fern. We must always remember, however, that all 
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present-day forms have evolved along their own lines, and 
therefore all present-day Algae may be different from the 
ancient ancestral forms. 

CHLAMYDOMONAS . 

6. CJilamydomonas is one of the unicellular Green Algae. 
There arc about 20 British species, found chiefly in ponds 
and ditches. There are two phases or stages in the life- 
history -the motile or normal vegetative stage, and the 
resting or palnwlla-stage. The structure of the cell is very 
constant throughout the genus, but the different species 
present considerable differences in appearance and mode of 



(X 1,200) 

Fig. 330. Chlamydomonas. 

A motile cell. 


7. Structure of the Cell (Fig. 330). — The motile cell is 
usually more or less spherical or ovoid in shape. It has a 
cellulose wall which is in close contact with the protoplasmic 
contents. The protoplasm at the anterior region is clear and 
hyaline in appearance, and gives off two flagella or cilia, 
which pass through the cell-wall. The protoplasm in this 
region also has two contractile vacuoles ( i.e . spaces, filled with 
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sap, which show alternate expansion and collapse), situated 
at the base of the flagella, and an orange-coloured pigment- 
spot or eye-spot placed laterally. Posteriorly the protoplasm 
contains a single, large, more or less cup-shaped chloroplast, 
in which is embedded a rounded body known as the pyrenoid. 
A single nucleus is present in the central region of the proto- 
plasm inclosed within the cavity of the chloroplast. 

The cells move through the water by means of their flagella. 
The movement is automatic, but it is modified by the action 
of light and other stimuli. The cells move towards bright 
diffuse light, away from light of too great intensity. This 
sensitiveness to light is specially associated with the eye-spot. 

The pyrenoid consists of protein substances. Its function 
is not known with certainty. It has been compared with the 
protein crystalloids of higher plants and may represent a store 
of food-material. From the fact that it is frequently surroun- 
ded by a layer of small starch grains it has been supposed also 
that it may play a part in the process of carbon-assimilation. 
Pyrenoids are frequently found in the cells of Algae. 

The function of the contractile vacuoles is not understood. 
They may be respiratory organs, or perhaps excretory organs, 
or both. In a few species of Chlamydomonas (e.g. C. nivalis) the 
cells sometimes develop a considerable quantity of red pig- 
ment (haematochrome), lose their flagella and pass into a 
resting state known as encystment. The blood-red patches 
sometimes found in snow in various regions are due to such 
cells. 

8. Asexual Reproduction (Fig. 331, a-c). — When this is 
about to take place the cells withdraw their cilia, and come 
to rest. The contents of the cells by repeated division give 
rise to 4 or 8 protoplasts which develop two flagella each, and 
form zoospores. These, forming a cell- wall while still enclosed 
in the mother-cell, produce the motile stage again. They are 
liberated by decay of the wall of the mother-cell. 

9. Palinella Stage (Fig. 331, d). — I n certain undetermined 
circumstances the daughter-cells which normally form zoo- 
spores do not develop flagella. The wall of the mother-cell 
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becomes gelatinous or mucilaginous. Then the daughter-cells 
undergo division and their walls become gelatinous, and so 
the process goes on until a dense gelatinous mass is produced, 
with numerous cells embedded in it. This is known as the 



F G H 

Fig. 331. Chlamydomonas. 


A, Swimming cell ; B, Hosting cell, showing division into two ; C, Formation 
of four zoospores ; D, Pulmella stage; E, Formation of sixty-four gametes ; 

F and G, Two stages in isogauiy : li, Anisogaroy in C. monadina, allowing a 
small (male) and a large (female) gamete. 

resting or palmella stage. In Chlamydomonas it is only 
temporary. After a time the cells develop flagella, and escape 
to produce the motile stage again. 
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10. Sexual Reproduction (Fig. 331, e-h).— The contents of 
6ome of the resting cells divide into a greater number of 
parts — 1G, 32, or even 64. The resulting motile protoplasts, 
in form and structure, resemble the zoospores, except that 
they are smaller. They conjugate in pairs, and are therefore 
of the nature of gametes (planogametes, i.e. motile or wander- 
ing gametes). The gametes are more or less pear-shaped 
arid have two flagella. They unite by their pointed ends, and 
fusion of their protoplasm and nuclei then takes place. The 
flagella are withdrawn and a cell-wall is formed. After a period 
of rest the resulting zygospore gives rise to 2 or 4 zoospores by 
division of its contents. The zoospores produce the motile 
vegetative stage again. 

The gametes are usually naked and exactly similar, so that 
the sexual process is isogamous. In one or two species (e.g. 
C. monadina ), however, the gametes are of different sizes; 
the smaller and more active microgametes are male, while the 
larger and less active macrogametes are female. The sexual 
process is anisogamous. In one species the macrogametes lose 
their flagella before fusion. In C. monadina and a few otlier 
species, the gametes are peculiar, in that they are not naked, 
but have a cell-wall. 

* 

11. Chlamydomonas is interesting because it is believed to 
be, in many respects, a primitive type. It shows affinities 
to the Flagellata, a group of organisms, destitute of a cell- 
wall, which exhibit both plant and animal characteristics. 
Some of them are holophytic, i.e. they possess chlorophyll and 
are able to elaborate their food-material from simple inorganic 
compounds. Others feed on organic compounds. Both 
animal and vegetable kingdoms are believed to have taken 
their origin from types resembling the Flagellata, and 
Chlamydomonas is supposed to approximate closely to the 
ancestral organisms from which the whole of the .vegetable 
kingdom has been derived. The resting stage of Chlamydo- 
monas , accompanied by cell-division, may be regarded as the 
starting point of the vegetative stage of higher types; the 
motile vegetative stage of Chlamydomonas , in higher types^ 
has persisted only in the reproductive processes, 
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Sphaerella (Haematococcus) Pluvialis. 

12 . In structure, life-history, and mode of life Sphaerella 
closely resembles Chlamydomonas (Fig. 332). The two genera 
belong to the same family of Algae. The following are the 
more important differences: — In Sphaerella the firm outer 
layer of the cell-wall is separated from the protoplasmic 
contents by a thick transparent mucilaginous layer which is 
traversed by protoplasmic filaments (Fig. 332, a); there are 
numerous contractile vacuoles; the chloroplast is a reticulate 
body situated at the periphery of the protoplast, and it 
contains several pyrenoids. 



A, Motile cell; B, Resting cell ; C, Gamete, n, nucleus; p, pyrenoid ; 
c.v., contractile vacuoles; e, eye-spot; m, mucilaginous layer. 
Cytoplasm dotted in A. chloroplast lino-shaded. 


In Sphaerella it has been observed that if the gametes fail 
to conjugate they may behave like zoospores and give rise to 
motile vegetative cells. 

Sphaerella lacustris (Haematococcus pluvialis) is the only 
British species recorded ; in it no gametes have been observed. 
Its cells, both resting and motile, like those of other species, 
often contain much haematochrome and the phenomenon of 
“red rain” is sometimes due to it. The resting cells are 
frequently found in rain water which has collected in the 
hollows of rocks, in gutters, or in water-butts. 

I. BOT. 


32 
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13. Origin of Sexuality. — From a careful consideration of the fact, 
observed in various Algae, that the gametes resemble the zoospores and 
may behave like them, the conclusion has been reached that gametes 
have been derived from zoospores — that they, in fact, are zoospores in 
which the tendency to, and capacity for, conjugation has been evolved. 
On the view that conjugation means increased vigour and vitality, wo 
can understand how this tendency would be evolved. In Sphaerella 
(and certain other Algae) it is scarcely a fixed hereditary character, and 
the gametes may still develop without conjugation. Parthenogenesis 
probably represents a trace of this in higher types. 


Pleurococcus vulgaris. 

14. This is one of the commonest unicellular Green Algae, 
forming the green covering so frequently seen on tree-trunks, 
palings, etc., after wet weather, more especially on the side 
most exposed to the wind. The Alga was formerly known as 
Protococcus viridis. 

15. Structure of the Cell (Fig. 333). — If a little of the green 
substance be examined in water under the microscope it is 

found to consist of small green cells, 
sometimes single, sometimes aggre- 
gated into groups or colonies of two, 
four, or more, owing to the fact that 
after division the daughter-cells do 
not separate from each other. The 
individual cells are almost spherical 
if isolated, but in the cell-groups 
they are slightly flattened on the 
sides in contact with the other cells. 

Each cell has a firm cellulose wall. 
Embedded in the protoplasm on one 
side is a single, large, lobed chloroplast. A nucleus is present 
in the centre of the cell. There are no pyrenoids. 

16. Reproduction. — The usual method of multiplication is 
a vegetative one by cell-division and separation of the daughter- 
cells from each other. In very moist conditions the cells may 
not separate, and in this way short filaments of cells may be 
formed. 


NUCLEUS 



Chloroplast 

Fig. 333. Pleurococcus. 

A, Single cell ; B, Group of 
cells. 
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Asexual reproduction by means of biciliate zoospores and 
sexual reproduction by the conjugation of similar gametes 
have been described, but it is doubtful whether either 
occurs. Various unicellular Algae in which these methods of 
reproduction are found have possibly been mistaken for 
Pleurococcus. 

17. We have seen that in Cldarnydomonas and Sphaerella 
the motile stage is the ordinary vegetative condition of the 
Alga — the non-motile or palmella stage being a resting con- 
dition. It would seem, however, that in the evolution of 
plants the non-motile condition attained greater importance. 
It has become the normal vegetative condition in Pleurococcus , 
whose life-history also gives an indication as to how the 
multicellular structure of higher plants has arisen. 

Spirogyra. 

18. General Characters. — Spirogyra is one of 
the green fresh- water Algae. It grows in bright- 
green slimy masses in ponds, springs, or slow- 
running streams. Each Spirogyra plant has an 
extremely simple structure. Its vegetative body 
is an unbranched filamentous thallus (Fig. 334), 
consisting of short cylindrical cells placed end 
on end and showing in most species no dis- 
tinction of base and apex. The filament in- 
creases in length by ordinary cell-division and 
growth of the cells. All the cells have the same 
structure and all are capable of division. 

Here we have an example of a multicellular 
plant which shows little or no division of labour. 

Indeed, we might, physiologically, regard each Part 
cell as an individual plant, and the whole fila- foment 0 f 
ment as a colony of such individuals, for each Spirogyra. 
cell carries on exactly the same vital functions 
as are necessary for the maintenance of the whole. 

The filament is, in most species, invested by a delicate 
mucilaginous sheath formed from the pectic compounds of the 



Fig. 334. 
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cell-walls. It is this which makes a mass of Spirogyra 
filaments feel slimy to the touch. 

19. Structure of the Cell (Fig. 334). — Each cell is cylindrical 
in form with transverse end-walls, and has the structure 
characteristic of typical parenchymatous cells. The wall 
consists of cellulose and pectic compounds. Inside the cell 
there is a “primordial utricle/’ from which delicate proto- 
plasmic strands run across a central vacuole to the centre of 
the cell. The nucleus, containing a distinct nucleolus, is 
usually embedded in the small central mass of protoplasm. 
The most conspicuous structures in the cell are the green 
spirally coiled chlorophyll bands or chromatophores (chloro- 
plasts). There may be from one to seven of them in a cell, 
the number varying slightly even in the'same species. They 
lie in the primordial utricle,* coiled as it were round the central 
vacuole. Each contains & number of well-mafked pyrenoids. 

In cell-division the transverse wall ^separating the two 
daughter-cells is formed by annular ingrowth from the longi- 
tudinal wall of the mother-cell (Fig. 33ft, a). In some of the 
smaller species of spirogyra- the transverse wall does not 
remain plane and single, but splits in the middle into two 
circular discs, so that the cells are held together only by the 
longitudinal wall. This is known as the replicate condition; 
it facilitates the process of fragments tion _ described below. - 



A, Cell dividing, the developing partition- wall pushing the cytoplasm and 
chloroplast inwards. B, Replicate condition. 


Numerous species of Spirogyra are distinguished according 
to the size and form of the cells, the character of the chroma 
tophores, etc. 
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20. Reproduction. — There is no special method of asexual 
reproduction; but filaments may break into a number of 
pieces, consisting of one or several cells, and these by ordinary 
cell-division may form new filaments (vegetative reproduction). 
Fragmentation of this kind may occur naturally under 
abnormal nutritive conditions. 

Sexual reproduction (Fig. 336) seems to occur whenever the 
vigour of the filaments becomes impaired by age, by prolonged 
division, or by unfavourable external conditions. It is 
isogamous. In this process two filaments, lying side by side, 
send out little outgrowths from corresponding cells. These 
increase in size, meet, and finally fuse between the two fila- 
ments, so that the corresponding cells are joined by short 
conjugation-tubes. In the meanwhile the contents of each 
cell have contracted, losing water and forming a gamete, in 
which the characteristic form and appearance of the chroma- 
tophores can no longer be distinguished. Then the gametes 
of one filament pass over, by means of the conjugation tubes, 
into the cells of the other filament, and fuse with the gametes 
in these cells. 


CONJUG* TUBE CHROMATOPHORE 



Tt should.be specially noticed that the gametes bear no cilia 
(aplanogametes), and that any cell of a filament may function 
as a gametangium; also that conjugation is effected by means 
of conjugation-tubes. The more active gametes, which may 
be regarded as being male, are formed earlier than the more 
passive ones, which may be considered as female. As a rule 
the nuclei do not fuse until some time after the gametes have 
fused; the chloroplasts of the male gamete in most cases are 



502 


THE ALGAE. 


disorganised, and disappear. Generally all the gametes of one 
filament pass over into the other filament, so that the filaments 
are unisexual. There arc, however, exceptions to this; and 
occasionally, also, conjugation tubes are formed between 
adjacent cells of the same filament. In a family closely 
allied to Spirogyra conjugation is effected in the middle of the 
tube, and the gametes are in all respects alike. 

21. The Zygospore. — The result of conjugation is in each 
case the formation of a zygospore (Fig. *336). This is a large 
oval body, at first green, but later becoming dark brown. It 
has three coats; the outermost is cuticularised. During the 
ripening of the zygospore its nucleus undergoes repeated 
division into four nuclei; the first division is a reducing 
division. Three of the nuclei, however, are disintegrated, so 

that the ripe zy go^ 
spore has only a single 
haploid nucleus. 
After a more or less 
lengthy period of rest, 
the zygospore germi- 
nates. It contains 
food-material in the 
iorm of oil and other 
substances. In germi- 
nation the two outer 
coats of the spore (Fig. 
337) are ruptured, and 
the contents epclosed 
in the innermost coat 
grow out into a tube which is divided into two cells by a 
transverse septum. The cell which protrudes from the spore 
is green, and grows out to form the filament. The other cell 
is colourless. Thus, at first, there is a distinction of base and 
apex, but this is soon lost in most species. 

Sometimes, when conjugation does not take place, the 
gametes may develop directly into spores called azygospores 
or parthenospores. This may be compared with parthe- 
nogenesis (p. 285). 



OUTER 
COAT 

0P 

CELL OF 
•0f kSt FILAMENT 

Fig. 337. Spirogyra ; Germination of 
Zygospore. 
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22. Spirogyra belongs to a group of the Chlorophyceae 
known as the Conjugatae. 

Vaucheria. 

23. Structure. — Most of the species of this green Alga grow 
in fresh water, or on the damp surface of the soil. A few 
species are marine. F. sessilis and F. terrestris are commonly 
found, mixed with other Algae and the protonemata of 
mosses, in the form of a green tangled felt on the damp soil 
of neglected flower-pots. 

The thallus (Fig. 338, c) consists of long, rather coarse, 
tubular threads, branched at considerable intervals, and fixed 
by means of a branched colourless root-process. The tubes 
are non-septate, i.e. they are not divided by cell-walls into 
distinct cells. Septa, however, are formed when the thallus is 
injured and in connection with the development of reproductive 
organs. The cellulose wall of each tube has a continuous 
protoplasmic lining. A vacuole filled with cell-sap runs up 
the middle of the tube. In the outer region of the protoplasm 
there are numerous discoid chloroplasts, and large numbers 
of small nuclei are found in the layer internal to this. There 
are no pyrenoids. Small refractive oil-globules are associated 
with the plastids. It is interesting to notice that usually no 
starch is present; here the storage product of metabolism 
is oil. 

Vaucheria was formerly described as a unicellular Alga. 
The branched tubes, however, are not cells, but coenocytes; 
here we have a good example of coenocytic structure (p. 48). 
The branches of the coencyte exhibit apical growth. 

24. Asexual reproduction is commonly effected by means of 
zoospores. In the formation of a zoospore the apex of a 
branch swells up and becomes club-shaped (Fig. 338, a), owing 
to the aggregation of protoplasmic substance in it. This club- 
shaped body, which is the sporangium, is separated from the 
rest of the tube by a distinct septum. It ruptures at the apex, 
and the protoplasmic contents escape as a zoospore. The 
opening is very narrow, and, as the protoplasmic body makes 
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its way out, it is frequently constricted and divided into two 
zoospores. 

The zoospore (Fig. 338, b) is a large oval body which can 
be seen by the naked eye. It shows a central region, con- 
taining numerous ehloroplasts, and a clear outer region, the 



Fig. 338. Vaucheria. 

A B The zoospore ; C, Young plant formed from zoospore; 
D, E, F, Sexual organs. 


ectoplasm , with numerous small nuclei. Evidently it also is 
coenocytic and might be called a zoocoenocyte. It has also been 
called a compound z oospore or synzoospore, and represents a 
number of zoospores which have failed to separate. It is 
covered with cilia, a pair being developed opposite to each 
nucleus. The multiciliate zoospore, after moving about for a 
short time, develops a cellulose wall and comes to rest. The 
cilia are withdrawn, and germination takes place. Two tubes 
grow out. One branches and produces the colourless root- 
process, the other develops into the green tubular thread 
(Fig. 338, c). 

In some species of Vaucheria (not V. sessilis) in conditions of drought, 
cilia are not developed. The protoplasmic contents of the sporangium 
round themselves off, form an investing membrane, and so develop 
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into a non-motile sporo (a planus pore, Fig. 338, a). This may germinate 
inside the sporangium. Sometimes thf3 contents of the sporangium do 
not round themselves off, and the sporangium itself may germinate like 
a spore. 

In conditions of drought, the contents of the Vaueheria filaments 
may break up into a number of pieces or segments, which form thick 
walls and become laden with oil. This is a resting protective condition 
called the go ng rosi ra-co ndit ion , from resemblance to an Alga known as 
Gongrosira. The segments or cysts may remain inside the filament for 
some time, but on the return of favourable conditions they germinate 
and produco new plants. This may be considered as a purely vegetative 
method of reproduction. 


25. Sexual reproduction is heterogamous (Fig. 338, d~f). 
The male organ is an antheridium ; the female organ is called 
the oogonium. They arise as outgrowths, either of the tube 
itself ( V. sessilis) or of a special short branch, and are usually 
borne on the same plant. The number of oogonia and 
antheridia associated together varies in the different species. 
In V. sessilis there is frequently one antheridium between two 
oogonia (e). A few species are dioecious. 

The outgrowth which becomes the antheridium contains 
numerous chloroplasts and small nuclei. As development 
proceeds the nuclei aggregate in the central region of the 
protoplasm and with some of the protoplasm give rise to a 
large number of very minute biciliate spermatozoids. The 
chloroplasts pass to the base of the outgrowth, and are cut off 
by a septum from the portion containing the spermatozoids, 
which is the antheridium proper. When fully formed the 
antheridium is a colourless tubular structure curved like a horn 
(d). It ruptures at the apex, and the spermatozoids are set 
free (e, f). 

The outgrowth which forms the oogonium at first contains 
numerous nuclei in addition to chloroplasts. One nucleus 
passes to the centre of the protoplasmic mass, and becomes 
the nucleus of the oosphere; the others pass back into the 
tube. The oogonium is then separated off by a septum. A 
little protuberance or beak appears to one side near the apex. 
It bursts open and a small portion of the protoplasmic contents 
is given off (d). The rest of the contents form the oosphere, 
which contains numerous chloroplasts. It shows a clear spot 
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— the receptive spot — opposite the beak where the protoplas- 
mic vesicle was given off. The fully formed oogonium is 
sessile, and more or less ovate in form. It has a simple 
cellulose wall and contains one oosphere. It is a much less 
complex female organ than the archegonium. 

■ Fertilisation is effected by a spermatozoid entering the ovum 
at the receptive spot, and fusing with it. The oospore develops 
a thick wall and enters on a period of rest. When it germinates 
it produces a new plant directly. The first division of the 
nucleus of the oospore is the reducing division. 

26. Vaucheria belongs to a group of Chlorophyceae known 
as the Siphoneae. Perhaps the most striking feature about 
Vaucheria is the association of highly differentiated sexual 
organs with a very simple vegetative body. 



Pig. 339. Oedogonium. 
A, Part of filament; B, 0, 
Young plants developed 
from zoogonidia. 


Oedogonium. 

27. General Characters. — Oedogonium 
is a very common green Alga including 
numerous species, all living in fresh 
water. Each plant (Fig. 339, a) has an 
unbranched , filamentous thallus, consist- 
ing of elongated cells. In young stages 
(b, c) the plants are attached to stones 
or other plants by means of a basal 
fixing organ (hapteron), but in many 
species the adult plants are free. The 
apex of the filament may be rounded, 
or, in a few species, may end in an 
elongated hair-like process. The growth 
of the filament is intercalary and is 
effected by the division of certain cells 
known as cap-cells which occur at in- 
tervals in the filament. V egetati ve repro- 
duction is effected by fragmentation. 


28. Structure of the Cell (Fig. 339). — The upper end of each 
cell in some species is more or less dilated. The cell-wall 
consists chiefly of cellulose; there is little or no trace of a 
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mucilaginous sheath. Each cell contains a single large 
chloroplast consisting of a network of anastomosing bands 
lying in the parietal layer of the protoplasm. Numerous 
pyrenoids are present. There is a single nucleus lying usually 
near the middle of the cell. The “cap-cells” show a series 
of transverse ring-like markings at the upper end. 

29. Cell-division. — The way in which the growth and 
division of the cap-cells are effected is peculiar and charac- 
teristic. A ring-like cushion of cellu- 
lose is formed on the inner surface 
of the cell-wall near the upper end 
of the cell (Fig. 340, a) and the 
nucleus of the cell divides into two. 

The cell-wall then splits all round 
just outside the cellulose cushion, 
and the latter is stretched out so as 
to give rise to a membrane which is 
intercalated in the cell-wall (X in 
Fig. 340, B). 

The dividing wall, laid down 
between the two nuclei, is formed 
opposite the lower end of the intercalated membrane. The 
bounding wall of the upper cell therefore consists chiefly 
of the intercalated membrane; but there is 
a portion of the old cell-wall, fitting like a 
cap, at the upper end of the cell, where it 
produces a transverse ring-like mark. 

If the process is repeated the new cellulose 
cushion arises immediately below the pre- 
viously formed ring. In this way the cells 
come to show a series of “ caps ” or rings 
at their upper ends (Fig. 339, a). 

A i ng ^°b ^Z uospo re " 30. Asexual Reproduction (Fig. 341) apart 

from fragmentation is effected by means of 
zoospores. Any cell of the filament may function as a 
sporangium and produce a siiigle zoospore by rejuvenescence 
of its protoplasmic contents. The zoospore is set free by a 



Fig. 341. 
Oedogonium, 



Fig. 340. Oedogonium. 
Method of cell-growth. (X = in- 
tercalated membrane.) 
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transverse split which is formed at the upper end of the 
sporangium. It is a comparatively large pear-shaped body. 
Its broad posterior end contains chlorophyll; its narrow end 
is clear and bears a tuft of cilia. At the time of liberation it 
is enclosed in a thin mucilaginous vesicle. 

After a short motile period the zoospore settles down and 
attaches itself to some object by its anterior end. The cilia 
are withdrawn, a cell-wall is formed, and a new filament 
formed. The basal cell in some species remains short and 
blunt; in others it becomes pointed and may branch to form 
a root-like process of attachment. 

31. Sexual Reproduction (Figs. 342 and 343). — The sexual 
organs are oogonia and antheridia. The oogonia are formed, 
usually singly, from cap-cells. The 
cap-cell undergoes a division, and 
the upper cell expands to form the 
oogonium. The lower cell forms 
what is known as the supporting 
ceil, but sometimes it also undergoes 
division, and the resulting cells form 
oogonia. In such cases the oogonia 
occur in series. The oogonium 
becomes globular or oval, and its 
contents are rounded off to form a 
single oosphere. The oosphere con- 
tains abundant chlorophyll, but on 
the side where fertilisation will be 
effected there is a clear “ receptive 
spot .” It is not set free from 
the oogonium. Before fertilisation 

Fig. 342. Oedogonium . either a transverse split or a pore 

Sexual Reprmiuow ^Monoeci- (according to species) appears at 
the upper end of the oogonium 
and through this the spermatozoid reaches the oosphere, 
which it enters at the “ receptive spot.” Before fertilisation 
a slimy mucilaginous vesicle is extruded from the oosphere. 

The antheridia are short flat cells formed by division of the 
ordinary cells of the filament (Fig. 342). Each antheridial cell 
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by division of its contents gives rise usually to two sperma- 
tozoids, which resemble the zoospores, but are much smaller 
and contain less chlorophyll ; they consist largely of nucleus. 

Many species of Oedogonium are monoecious. In a few 
dioecious species the male and female plants are both large; 
they are called dioecious macrandrous species. In the great 
majority of the dioecious species, however, constituting nearly 
half of the known species, the sexual reproductive processes 
are highly specialised. The antheridia are produced on dwarf 
male plants, known as nairnandria. Hence these species are 
called dioecious nannandrous . 

In these dioecious nannandrous species 
special motile spores, known as andro- 
spores, are produced by the female 
plants in androsporangia, which are 
cells resembling the antheridia, but rather 
larger. Each androsporangium gives 
rise to an androspore intermediate in 
size between a zoospore and a sperm a- 
tozoid, but resembling these. The 
androspore, after a short motile period, 
attaches itself to a female plant either 
near, or actually on, an oogonium. It 
therefore produces a “ dwarf male ” or 
nannandrium consisting of a basal cell, 
and an antheridium of one cell or a number of cells (Fig. 
343). The spermatozoids produced in the antheridium are 
set free either by the disorganisation of the antheridial cells, 
or by the separation of a lid at the top. 

32. Germination of the Oospore. — The fertilised oosphere 
forms a cell-wall and becomes the oospore. It is at first 
green, but later loses its chlorophyll and becomes brown. It 
contains oil. Its wall is thickened and it passes through a 
period of rest. 

It is finally liberated by the decay of the wall of the 
oogonium. At germination its contents, enclosed in a thin 
gelatinous membrane, escape and undergo division into four 
zoospores exactly like those produced in the sporangia. 



Tig. 343. Oedogonium. 


Dioecious nannandrous 
species. Dwarf male 
on Oogonium. 
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Tlie life-history of a dioecious nannandrous species may be 
represented as in Fig. 344. 



OOSPORE 



OOSPHERE SPERM20. 



Fig. 344. Oedngonium. 

Life-liistoiy of nann&nrfrons species. Graphical representation. 


Fucus. 

33. General Appearance and Habit. — The Phaeophyccae or 
Brown Algae, to which Fucus belongs, are with few exceptions 
seaweeds. In the lower forms the sexual reproduction is 
isogamous ; in the higher forms, heterogamous. Many of them 
are small and filamentous, but the group includes some of the 
largest forms of Algae. 

Fucus is one of the larger forms and includes several common 
species differing in certain minor characters. Fucus vesiculo- 
sus is the common Bladder Wrack; F. serratus is the Serrated 
Wrack. When full-grown, the plant consists of a basal, 
branching, root-like organ of attachment, a straight, cylindrical 
stalk-like portion , and a dichotomously branched membranous 
expansion (Fig. 345). 

; The vegetative body is essentially thalloid, although in the 
organ of attachment there is a distinct indication of the 
differentiation of root from shoot. It should be noticed, 
however, that the root-process has no absorbing function 
and is simply a fixing organ. It is called the disc or 
hold-fast . 

Bunriing up the middle of each flattened lobe of the thallus 
is a sort of midrib,' due to the thickening of the tissue in that 
region. In the older parts of the thallus the marginal portion 
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dies away and leaves only the midrib. This is the mode of 
origin of the cylindrical stalk which represents the persistent 
thickened midrib of the older part of the thalliis. A distinct 
stalk is not recognisable in the young plant. 

Fucus inhabits the zone between low and high tide-marks. 
It is exposed at low tide, 
covered at high tide. It is 
interesting to notice how well 
the structure of the plant is 
adapted to this habitat, where 
it is exposed to the full force 
of the waves. The strong 
fixing organ attaches the plant 
to rocks, etc., and prevents it 
from being washed away. It 
is preserved from injury by 
the pliant nature of its stalk, 
and the yielding, flattened 
character of its branches. 

Some species (F. vesiculosus) 
are rendered still more buoyant 
by the development of air- 
bladders— -hollow dilations of 
the thallus filled with air. 

The plant is saved from exces- 
sive desiccation, when exposed 
between tides, by the mucila- 
ginous character of its tissues. 

( If w T e examine the apices of the branches at certain 
periods it will be found that they are covered with small 
papillae, and are more or less swollen (Fig. 345). These 
papillae mark the position of internal flask-shaped cavities, 
called conceptacles, in which the sexual organs are developed, 
and hence protected by being enclosed in the tissue of the 
thallus.' 

In some species, e.g. F. serratus, small dots are found 
scattered over the thallus. These mark the position of pits 
in which hairs are developed, and which may be regarded as 
barren conceptacles. They have been called crypto-stomata. 
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34. Structure and Growth of the Thallus. — A section, 
passing through both surfaces and taken at any part of the 
thallus, will show that a central or medullary region of tissue 
can be distinguished from an outer or cortical region on each 
side (Fig. 34(>). 



OOGONIUM ANTHERIDIA 

Tig. M4G. Fur us plat year pus. 
(Transverse section, through a conceptaele.) 


The outermost layer of the cortex (outer limiting layer) 
resembles an epidermis, but it is quite different from a true 
epidermis. Its cells are rncristeniaiic and by division give 
rise to new cortical cells. The subjacent cells are parenchy- 
matous, with distinctly pitted walls; they constitute the 
cortical parenchyma. The outer layers of the cortical region 
form the assimilating region of the thallus; the cells contain 
chloroplasts, in which the green colour of the chlorophyll is 
masked by the yellow colouring matter fucoxanthin. The 
inner cortical layers form the storage region of the thallus. No 
starch is formed in Fucus. The product of metabolism is a 
carbohydrate (laminarin) somewhat resembling starch, but it 
is not stained blue by iodine./ 

*The medulla consists of an interlacing network of filaments 
or hyphae embedded in a clear mucilaginous matrix. ^ The 
filaments are divided at intervals by septa. It is a tissue in 
which the outer layers of the cell-walls have become mucila- 
ginous. The rows of cells still enclosed in the inner layers of 
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their cell-walls constitute the filaments. The medulla is 
essentially the conducting tissue of the plant. The cross- walls 
between the segments of the liyphae are perforated like sieve- 
plates, and in Laminaria, a large Alga allied to Fucus, distinct 
sieve-tubes are, developed. 

At each growing point of the thallus there is a single large 
initial cell which has the form of a four-sided truncated 
pyramid. The segments from the base of this cell form 
medullary liyphae, those from the sides form mainly cortex. 
At each branching the apical cell divides into two (true 
dichotomy). 

35. Reproduction. — There is no special method of asexual 
reproduction in Fucus, but sometimes adventitious branches, 
formed at the base of the thallus, especially when wounded, 
by the activity of the cortical meristem, may be separated off 
and form new plants. There is abundant sexual reproduction 
The sexual organs are contained in the conceptacles mentioned 
above. Each conceptacle (Fig. 340) opens on the surface of 
the thallus by a minute aperture called the ostiole. Numerous 
multicellular hairs are developed from the cells lining the 
conceptacles. Many of these form paraphyses ; others bear the 
sexual organs. 

In the development of a conceptacle one or several superficial 
cells of the thallus cease to grow and become disorganised. 
The surrounding tissue grows vigorously, and soon encloses a 
flask-shaped cavity. 

36. \The Sexual Organs (Figs. 346 and 347) are antheridia 
and oogonia. The antheridia are borne in clusters, and 
represent the finer branches of much-branched hairs. Each 
antheridium is developed from a single cell. When fully 
formed it is a small, oval, orange-coloured sac, the wall of 
which consists of two thin membranes. The contents have 
undergone division to form a large number (usually 64) of 
small spermatocytes from which the Mediate spermatozoids 
are developed. The cilia, of unequal length, are developed 
laterally, and each spermatozoid has an orange-coloured 
chromatophore. . 
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The oogonium is a much larger, dark-coloured structure. 
It also is developed from a single cell. It is borne on a short 
unicellular pedicel representing an abbreviated hair. Its wall 
also consists of two membranes and its contents divide to 
form eight oospheres separated by thin cell-walls. 



Fig. .‘$47. Fucus vesiculosus. 

A — D Sexual organs ; E, Fertilisation ; F, G, Embryo. 

The plants are usually dioecious , e.g. F. vesiculosus , recog- 
nised by its bladders, and F. serratus , recognised by its serrate 
margin; but in F. platycarpus (Figs. 345 and 346) the sexual 
organs are borne on the same plant and in the same con- 
ceptacle. 

Fucus is peculiar in that a number of oospheres are found inside the 
female organ. In some genera of the Fucaceae, however, and in one 
or two species of Fucus itself, the number is reduced (to four, two, or 
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even one); but even in these eases it is found that tho nucleus of the 
developing oogonium divides into eight nuclei, and the reduced number 
of oospheres is due to some of thoso nuclei degenerating. 

37. Fertilisation (Fig. 347, e). — When the spermatozoids 
and oospheres are ripe, the antheridia and oogonia become 
detached. The outer membrane is ruptured (b), and the 
contents, enclosed in the inner membrane, move towards the 
ostiole. This generally takes place when the plants are 
exposed at low tide. The hairs of the conceptacle secrete a 
mucilaginous substance. This oozes out of the ostiole, 
carrying with it the sacs of spermatozoids and oospheres. 
When the tide rises again the investing membranes are dis- 
solved, and the spermatozoids and oospheres are set free into 
the water. Spermatozoids cluster round each oosphere, which 
is thereby caused to rotate. Finally, one spermatozoid enters 
and its nucleus fuses with that of the oosphere. The resulting 
zygote is the oospore. 

38. Germination of the Oospore (Fig. 347, f, g).— Without 
any resting stage, germination takes place. The oospore 
becomes pear-shaped, and is divided by a wall into a pointed 
basal cell and a rounded apical cell. The basal cell sends out 
a number of rhizoids which fix the ywamg plant and become 
wefted together to form the root-disc; the upper cell, by 
further division, gradually develops into the thallus. 

39. Reduction Division in Fucus.— It is found that the plant 
in Fucus, although it produces sexual organs, is diploid. 
Reduction or halving of the number of chromosomes takes 
place at the first nuclear division in the developing antheridium 
or oogonium, so that only the sexual cells or gametes are 
haploid. 

40. Differentiation of Sex. — In connection with the life-history of 
Sphaerella we recognised the probable origin of gametes and the evolu- 
tion of sexuality. In Sphaerella , however, the gametes are similar, and, 
further, sexuality is not completely established. In Eclocarpus, a brown 
Alga, the gametes are also similar and sexuality is imperfect, but some 
of the gametes are less active and come to rest sooner than others. In 
some species of Chlamydomonas , as we have seen, and in various other 
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Algae, the gametes are of two sizes. The larger ones are less activo 
and come to rest sooner than the more active smaller ones which fuse 
with them. 

These examples enable us to trace the probable evolution of sexual 
differentiation. This evolution undoubtedly took place along different 
lines. The larger gametes are female. Their larger size and more 
passive character probably originated in a more abundant storage of 
food-material, making better provision for the embryo plant. We have 
the next stage in Fur us. Here the gametes are fully differentiated and 
the ovum is not ciliated. But a number of oospheres are developed 
inside the female organ, and both gametes are set free into the water . This 
is a striking feature in the life-history of the Fucaceae. The next step 
in the evolution is to the stage where a single female gamete is retained 
in the female organ. 



CHAPTER XX. 


FUNGI AND BACTERIA. 

1. The Fungi constitute the second important Class into 
which the Thallophyta are subdivided. They are readily 
distinguished from the Algae by the want of chlorophyll; 
ohromatophores and starch also are entirely wanting. This 
by itself would not be a suflicient reason for separating the two 
classes. Jf this were all, we might, with equal reason, separate 
those few Flowering Plants which have no chlorophyll from 
the rest. The Fungi, however, as a whole, are further dis- 
tinguished by special characters in their structure, develop- 
ment, and life-history. 

2. The Mycelium. — The typical vegetative structure of the 
Fungi is a filamentous and much- branched thallus called a 
mycelium. The filaments or threads of which the mycelium 
consists are called hyphae. Sometimes we find more massive 
structures, more especially in the parts bearing the reproduc- 
tive organs. When we examine these, however, we find that 
they consist of hyphae woven together so as to form a false 
tissue, i.e. a tissue formed, not by the division of cells all 
originally connected with each other (true tissue), but by the 
interweaving of separate hyphae. Occasionally, in reduced 
or degenerate forms like yeast, the plant consists of separate 
cells. 

The mycelium may be septate or non-septate. When 
non-septate it is coenocytic; even where it is septate the 
different segments may contain several nuclei, and be coeno- 
cytic. The segments in the higher fungi, however, usually 
contain only one or two nuclei. The cell- walls of most Fungi 
do not consist of cellulose, but nf n 
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substance resembling chi tin, and sometimes called fungns- 
cellulose , with associated pectic compounds. Chitin occurs 
abundantly in the animal kingdom, forming, for example, the 
horny protective coats of insects and crustaceans. 

In the hyphae or their segments there is a lining layer of 
protoplasm surrounding a central vacuole. The nuclei are 
small. Oil is frequently present as a storage substance, and 
sometimes protein bodies may be found. Another substance 
which frequently occurs as a storage material is glycogen , a 
polysaccharide like starch, but stained brown by iodine. 

3. Nutrition. — The nutrition of fungi is quite different 
from that of ordinary green plants. Having no chlorophyll 
they can make no use of the carbon dioxide of the atmosphere. 
They derive their carbonaceous food-material from complex 
organic compounds which they obtain from external sources. 
This also, to a large extent, applies to the absorption of nitro- 
gen. Fungi, however, can assimilate comparatively simple 
compounds of nitrogen; but they prefer ammonium com- 
pounds, e.g. ammonium tartrate, to nitrates. Altogether their 
food-materials are less complex than those of animals. 

4. Mode of Life. — Fungi may live either as parasites or as 
saprophytes. Some are not confined to one mode of life, but 
may live as parasites or as saprophytes, according to circum- 
stances. In a parasitic fungus the hyphae may penetrate the 
living cells of the host, or simply ramify between the cells. 
The power of penetrating and disorganising cell-walls which 
such hyphae frequently possess is due to the secretion, at the 
tips of the hyphae, of a ferment which acts on cellulose. The 
hyphae of a saprophyte ramify through decaying organic 
substance or grow immersed in organic solutions. The whole 
of the mycelium may be absorptive, but some parasites, whose 
hyphae ramify between the cells of the host, develop special 
absorbing organs (hausloria) which penetrate the cell-walls 
and enter the cells. 

5. Reproduction and Life-history. — There can be no doubt 
that the Fungi were originally derived from Algal forms — 
that the ancestral types were, in fact, simply Algae which 
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assumed a dependent mode of life, and lost their chlorophyll. 
As supporting this view, we find that in the lower forms of 
Fungi, the Phycomycetes, to which Mucor and Pythium 
belong, there is a close resemblance to certain green Algae like 
Spirogyra or Vaucheria. Their reproductive organs are very 
similar, and frequently also their general structure presents a 
close resemblance. The other groups of Fungi, the Ascomy- 
cetes and Basidiomycetes, constituting the class called 
Eumycetes or Mycomycetes, diverge widely from the Algae 
and present very special characters. The Ascomycetes, 
however, show some striking resemblances to the Bed Algae, 
and were possibly derived from the same ancestral stock. 

The occurrence of functional sexual organs in some of the 
Ascomycetes has now been established; but in most of the 
Ascomycetes and Basidiomycetes sexuality has been lost and 
reproduction is entirely asexual. This is another mark of 
that degeneracy among the Fungi which is otherwise indicated 
by their low organisation ; this degeneracy is to be ascribed to 
their mode of life. 

Amongst the Fungi we recognise that there has been a 
gradual adaptation to aerial conditions, becoming very perfect 
in the higher groups. Evidence of this is found in the fact 
that, even in the group which lies nearest to the Algae, the 
gametes are not ciliated (except in one small family) ; and that 
in the other groups the spores or gonidia are eminently 
adapted for transport through the air. When the gonidia are 
cut off from the end of a hypha by a process resembling 
budding they are called conidia. 

There is no fixed or regular alternation of generations 
corresponding to the alternation in the higher plants. 

The types whose structure and life-history we now proceed 
to describe will serve to illustrate most of the above points. 

Mucor. 

6. Structure and Mode of Life. — Mucor is one of the com- 
monest of those Fungi which are called “ moulds.” In its 
mode of life it is a saprophyte, and grows on many different 
kinds of organic substance. A growth of it can readily be 
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obtained if fresh horse-dung, or bread which has been soaked 
in water, is kept under cover for four or five days at a moderate 
temperature. It makes its appearance in the form of little 
white patches, which gradually spread and unite. The 
commonest species is M.mucedo ^ 

The mycelium (Fig. 348) is copiously branched. It ramifies 
in the' d^afu^Substance on which the fungus is growing, and 
absorbs nourishment from it. The branches, or hyphae, get 
finer and finer the deeper they pass into the substratum. The 
structure of the mycelium can readily be made out if a portion 
of it be teased out in water on a slide, and examined under 
the microscope. The finely granular protoplasm contains 
small vacuoles and oil-globules. With special methods of 
preparation the presence of numerous small nuclei can be 
demonstrated. In an actively growing* mycelium there are 
no septa, although these may occasionally be found in old 
growths. The mycelium, therefore, does not consist of definite 
cells, but is a coenocyte. 



A, A portion of a mycelium bearing RporangiophoreB ; B, A single sporangium. 

7. Asexual Reproduction (Fig. 348). — This is effected, by 
means of small oval spores or gonidia. If a growth of Mucor 
be observed, rather stout aerial ' branches will be found 
springing from the surface of- the ifryceliu'm. Each bears at its 
tip a spherical sac, which is a sporangium or gonidangium* 
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The sporangium is formed simply by the swelling of the upper 
end of the aerial branch. It is cut of! from the lower portion, 
the sporangiophore, by a distinct septum, which afterwards, 
during further development, protrudes into the aporangium 
to form a structure called the columella. As the sporangium 
ripens it becomes black.' ItfiTWfiff Tff stuclTtcd with spicules of 
calcium oxalate. 

The spores are developed inside the sporangium (hence 
sometimes called “ endospores ”) by division of the proto- 
plasmic contents; they are multi nucleate. The* part of the 
protoplasmic contents which is not used in their formation 
gives rise to a mucilaginous substance, which later, by absorp- 
tion of water, brings about the bursting of the sporangium. 
Each spore, when set free, puts out a germ-tube and forms a 
new mycelium. 

8. SexualReproduction(Fig.349). 

— Sexual organs may be formed in 
Mucor , although not so frequently 
as in some closely-allied forms. 

Their development seems to depend 
on external conditions. The sexual 
method of reproduction is isogam- 
ous, and consists in the conjugation 
of undifferentiated motionless gam-' 
etes (cf. Spirogyra), leading to the 
formation of a zygospore. ‘ lathe- ^ 340 Thk Pkooess of 
process two mycelial branches, the Conjugation in Mucor. 

and their terminal portions are" cut off by the formation of 
septa to f orm gametangia, whose* undifferentiated protoplasmic 
contents constitute the gametes. The latter are multinucleate, 
and for this reason have beetl called coenogametes. 

The gametangia meet, and owing to gradual absorption of 
the walls at the point of "contact , the tw o gametes come 
together and fuse with each other . Tlte structure tEus formed 
Is the young zygos^Qrei WTieiTfully developed it is black, and 
its wau consists of two layers, a rough cuticularised exosporium 
and a delicate endosporium. 
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Although occasionally neighbouring hyphae on the same 
mycelium will conjugate, in most kinds of Mucor conjugation 
will only take place between hyphae of two different 
“strains”; that is, most species of Mucor are dioecious or 
heterothallic, ; one strain growing more actively than the 
other, and functioning as the male. The' difference is, how 
ever, purely- functional' and physiological, not structural. A 
similar condition was noted in Spirogyra. 

9. Germination of the Zygospore (Fig. 350). — After a period 
of rest the zygospore germinates. The exporium is ruptured 

and the endosporium grows out to form a 
simple or slightly branched tube called the 
promycelium. This bears at its apex a single 
spherical sporangium which resembles in all 
respects the gonidangium described above. 
Each of the spores formed inside it on germi- 
nation produces a normal mycelium. 

Some botanists regard the promycelium 
as a rudimentary sporophyte. Others regard 
it as simply a reduced or rudimentary 
mycelium. 

The gametes may develop without con- 
jugation. Either fusion dails to take place 
or the- gametes are produced singly. They 
give rise to thick-walled cells, which germi- 
nate like zygospores, and are called azygo- 
spores (see p. 502). 

10. JhaJTcirul^ Condition. — If the mycelium of Mucor is 
immersed in a nutritive solution, it may break up, by the 
formation of septa, into chains of cells. These cells are 
sometimes thick-walled, and are simply resting-cells (chlamy 
dospores), which, under normal conditions, would produce 
new mycelia. Frequently, however, they are thin-walled 
(oidium cells). In this case they separate from each other, 
and are not only capable of budding or sprouting like yeasl> 
cells, but, like yeast-cells, are also able to produce alcoholic, 
fermentation in a saccharine fluid. This is known as the 
f< torula condition ” of Mucor. 
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11. Mucor l>elongs to the group of Phycomycetes known as 
Zygomycetes, in which there is isogamous sexual reproduction. 

Pythium. 

12. Structure and Mode of Life. — If large numbers of 

cress-seedlings (Lepidium sativum) are grown together under 
very moist conditions, it is found that they become “ diseased.” 
They fall over, turn pale, and then brown, and finally begin 
to rot. The disease begins at certain points, and spreads in 
circles. It is spoken of as the 44 damping off ” of seedlings, 
and is caused by the attack of a fungus called Pythium de 
Baryanuw, one of the commonest species of Pythium. 

The fungus attacks the seedling near the base (hypocotyl), 
and begins to eat into its tissues, penetrating upwards into the 
stem and downwards into the root. The disease can be 
stopped at an early stage by admitting abundant light and 
air, for Pythium can live only under moist conditions. If 
the moist conditions arc maintained, the hypliac of the fungus 
extend from one seedling to another until they are all reduced 
to a blackened rotting mass, covered by dense white felts of 
mycelia like spider’s web. The fungus, beginning as a parasite, 
continues to live as a saprophyte. Other species of Pythium 
attack seedlings in the same way; some live normally as 
saprophytes. 

The mycelium of Pythium (Fig. 351) is a much-branched, 
non-septate coenocyte (cf. Mucor and Voucher ia). Its proto- 
plasm contains numerous small nuclei and oil-globules. The 
hyphae may eat right through the cells of the host or ramify 
between them. 

13. Asexual Reproduction (Fig. 351 ). — If a diseased seedling 
is placed in a watch-glass in water and kept under observation, 
it will be found that the ends of some of the hyphae, which 
grow out from the surface of the plant, or of small branches of 
these, swell up and become globular. These globular swellings 
are cut off by distinct septa. They are asexual reproductive 
organs. They produce new mycelia in two ways, according 
to the conditions under which they are developed. 
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Sometimes, if there is scarcity of water, they function as 
“ spores ’’ or conidia, and each without being set free sends 
out a germ-tube which grows into a mycelium directly. At 
other times, when there is abundance of water, they function 
as zoosporangia. Each (Fig. 352, a-e) develops a little 



Fig. 351. Pythium. 
EpidenniNof a plant attacked by the fungus. 


protuberance which expands to form a round thin-walled 
vesicle into which the protoplasmic contents pass. These 
divide into a number (9 or 10) of 
zoospores, which are set free by the 
rupture of the wall of the vesicle. 
The zoospore is a very minute, 
colourless body with two cilia. 
After moving about for some time 
it comes to rest, withdraws its cilia, 
rounds itself off, and forms an in- 
vesting wall. A hypha is then 
sent out, which makes its way into 
another seedling, either by boring 
through the wall of an epidermal 
cell or by means of a stoma. 

The production of zoospores is a 
distinct resemblance to what we 
find in the Algae, but there is an 
indication of adaptation to aerial conditions in the fact that 
the reproductive bodies may germinate directly 



Fig. 352. Zoospouangium 
of Pythium. 

Stagew in the production of 
zoonpures. 
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14. Sexual Reproduction (Fig. 553). — The female organ is 
an oogonium. It may be formed on the end of a hypha 
(terminal) or on the course of a hypha (intercalary), either 
outside the seedling or in the tissues of the seedling. It arises 
as a globular swelling of the hypha, and bears a close resem- 
blance to the asexual reproductive organ. It is cut off by a 
septum from the rest of the hypha. At first the protoplasmic 
contents have many nuclei, but soon a central region containing 
one nucleus, constituting the oosphere, is marked off from a 
peripheral region, called the periplasm, containing the other 
nuclei. 

The male organ, called the 
antheridium or pollinodium, is 
developed on a branch which 
arises either on the same hypha 
as the oogonium, or on another 
hypha. It is separated off by a 
distinct septum, and its proto- 
plasmic contents which are multi- 
nucleate are differentiated into a 
central portion, the male gamete 
with a single nucleus, and a peri- 
pheral periplasm. The male 
gamete has no cilia and is not, 
therefore, a spermatozoid ; for 
this reason the male organ is 
sometimes called a pollinodium 
and not an antheridium. 

The antheridium is more or less club-shaped. It applies 
itself closely to the oogonium, and develops a tubular process, 
the fertilisation-tube, which pierces the wall of the oogonium 
and carries the male gamete to the ovum. This process can 
be readily observed in Pythium . The fertilised ovum forms a 
thick wall and becomes the oospore. The outer layer of the 
wall is formed from the periplasm. 

The sexual organs and oospores are produced after the 
asexual organs, when the conditions for rapid growth and 
reproduction by asexual methods are becoming unfavourable. 
The oospores are essentially resting spores. They remain 



Fig. 353. Sexual Repro- 
duction in Pythium. 

B, Fertilisation ; 1), (termination 
of oospore. 
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inactive during the winter and germinate in the following 
spring. This is why seedlings grown on the same ground as 
seedlings attacked the previous year are so liable to the disease. 

If the conditions are favourable the oospore sends out a 
hypha which directly develops into a mycelium; if unfavour- 
able, the oospore either forms a number of small zoospores 
directly from its protoplasm, or sends out a little tube or 
hypha, called a promycelium, in which zoospores are developed 
(Fig. 353, d). The first division of the nucleus of the oospore, 
which may occur before germination, is the reducing division. 



Fig. 354. GRArnicAL Life-history of Pythivm. 

15. Pythiurn belongs to the group of Phycomycetes known 
as Oomycetes, in which the sexual reproduction is hetero- 
gamous. The close resemblance between the structure of the 
mycelium and the reproductive organs of Pythiurn , and the 
thallus and reproductive organs of Vaucheria should be 
carefully noticed. 


Eurotium. 

16. Habit and Structure. — Eurotium is a saprophyte. It 
lives on decomposing organic substance. It is frequently 
found on the surface of mouldy bread, damp fruit and vege- 
tables, preserved fruit, etc., and belongs to the miscellaneous 
group of Fungi known as moulds, which form filamentous 
growths on the substances on which they live. If a piece of 
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dry, stale bread be kept under a bell-jar, one of the commonest 
species, Eurotium Aspergillus-glaucus , a green mould, will be 
found. At first, before the reproductive bodies are developed, 
the mould is white; but when it enters on the reproductive 
stage it assumes a greenish colour. 

The mycelium (Fig. 355) 
consists of a tangled mass 
of hyphae ramifying in and 
on the surface of the nutri- 
ent substratum. It is much 
branched, and the hyphae 
are divided at intervals by 
transverse septa. Each seg- 
ment of a hypha contains a 
mass of granular vacuolated 
protoplasm, with several 
nuclei and oil-globules. The 
structure is coenocytic. 

Starch and plastids are 
wanting. The hyphae which 
ramify beneath the surface 
absorb nutrient organic sub- 
stance. 

17. Asexual Reproduction 

(Fig. 355).— From the my- p ig . 355. Eurotium. Mycelium 
celium, numerous straight and Contdiofhore. 

and, as a rule, non-septate 

branches pass up into the air. Each is given off from a hypha, 
usually at a point immediately behind a septum. These 
branches bear the conidia, and are therefore called conidi- 
ophores. The head of each conidiophore swells up and 
becomes spherical. On this spherical head arise a large 
number of peg-like outgrowths called sterigmata, into each 
of which pass several nuclei. From the apex of each sterigma 
as it elongates conidia are separated by abstriction one after 
the other. In this way rows or chains of conidia are formed 
on the sterigmata; the oldest conidia are at the apex of each 
row. 
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The conidia are small oval bodies with a greenish colour 
and more or less spiny surface. Their protoplasm contains 
several nuclei and oil-globules, and they have two coats, 
exosporium and endosporium. These conidia are produced in 
enormous quantities, and are very readily carried through the 
air. It is because they are always present in the atmosphere 
that decaying substances so readily become infected with the 
fungus. On reaching a suitable substratum they germinate 
in the usual way, and produce new mycelia directly. They 
will germinate very readily in a weak decoction of plum juice. 



Fig. 356. Eurolium . Development of Sporocarp and Asoospores. 

18. Sexual Reproduction (Fig. 356). — In Eurotium the same 
mycelium which has produced conidia eventually bears sexual 
organs. The female organ is called an archicarp. The male 
organ is called the antheridium or pollinodium. 
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In the development of the archicarp the end of a hypha 
becomes coiled, at first loosely, but later very closely. It is 
septate and the segments are liiultimicleate. The apical 
segment is called the trichogyne; it is the receptive part of 
the female organ. The next segment is called the oogonium 
or ascogonium, and is the female organ proper. The coiled 
septate part below the oogonium is the stalk of the archicarp. 

Another hypha grows up from the mycelium near the 
archicarp, and arches over to the apex of the archicarp. It 
is septate and multinucleate. The terminal or apical seg- 
ment is the antheridium ; the lower septate part is the stalk. 
It should be noted that the protoplasm of the oogonium is 
not rounded off to form an oosphere. In some species the 
antheridium fuses with the trichogyne, and presumably 
fertilisation is effected by the contents of the antheridium 
passing down into the oogonium; but the actual transference 
has not been observed, and is considered as doubtful. Sterile 
hyphae grow up chiefly from the stalks of the sexual organs. 
By branching and interweaving they form a false tissue 
completely enclosing the sexual organs. Some branches grow 
inwards between the coils of the archicarp to form a filling ” 
or nutritive tissue. 

The fertilised oogonium becomes septate and develops small 
outgrowths, the ascogcnous branches, which penetrate into the 
false tissue. The ends of these outgrowths are cut off by 
septa and form unicellular sporangia called asci. The young 
ascus has at first two nuclei. These fuse together to form the 
definitive nucleus of the ascus, and then, by a process of free 
cell-formation, eight ascospores are formed inside the ascus. 
The peripheral protoplasm of the ascus (epiplasm) is not used 
up in the formation of ascospores. It contains a large quantity 
of a carbohydrate called glycogen, serving for the nourishment 
of the spores. During the development of the asci the whole 
of the central “ filling tissue ” is disorganised. Thus from the 
archicarp and the investing sterile hyphae, a sporocarp has 
been formed. 

The wall of the sporocarp consists of small-celled pseudo- 
parenchyma, and encloses a number of eight-spored oval asci. 
It is also spoken of as an ascocarp or a perithecium. In the 
i.bot. 34 
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ripening of the sporocarp only the outermost layer of the 
wall persists ; its cells become dry and firm and covered with 
an oily secretion, which gives the sporocarp a yellow colour. 
The asci are disorganised, and the ascospores are eventually 
liberated by the bursting of the wall of the sporocarp. The 
ascospore, which was oval when young, is biconvex when 
fully developed. It is multinucleate. In germination the 
exosporium is ruptured; the endosporium grows out and 
directly produces a mycelium. 


Cytology of Ascus-formation (Fig. 357). — The first division of the 
definitive nucleus of the ascus is a reducing division (heterotypic); the 
second division is an ordinary karyokinetio (homotypic) division. One 


explanation given of the fusion of the 



1 2 3 4 5 



Fig. 357. Cytology of the Ascus 

(diagrammatic). 1-5, an ascogenoaH hypba 
or branch [see Fig. 3S4 IS), showing forma- 
tion of the definitive nucleus of the Aficus 
(stage 5), which contains 16 chromosomes. 
6, 7 and Sallow the three divisions of this. 
9, tinal stage, formation of eight asco- 
sporea. [Chromosomes, dark dots. Epi- 
plasm, light dota.J 


two nuclei to form the definitive 
nucleus is that it represents a 
deferred fusion of male and 
female nuclei. It was thought 
that, when the contents of the 
anther idium passed into the 
oogonium, tho male and female 
nuclei did not really fuse, but 
simply became associated in 
pairs, which on further develop- 
ment underwent conjugate di- 
vision, so that pairs of nuclei 
passed on to the young asci, 
where fusion occurred. It was 
found, however, that the third 
nuclear division in the ascus 
was also a reducing division, 
and there was reason to believe 
that tho sexual nuclei had really 
fused in the fertilised oogonium. 
It was then concluded that there 
are really two nuclear fusions in 
tho life-history of Eurotium, 
one in the fertilised oogonium, 
the other in the developing 
ascus; and it was thought that 
tho second reducing division in 
the ascus was rendered neces- 


sary by the second nuclear fusion, just as the first reducing division was 
rendered necessary by the fusion of sexual nuclei in the oogonium. 
The significance of the second nuclear fusion, however, is not at all 
clear. It is thought that it may simply be one of many evidences of 
sexual degeneration found in tho higher fungi. 
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In some fungi closely related to Eurotium it is found that the sexual 
organs are functionless, and the oogonium is not fertilised. Yet those 
nuclear phenomena occur as usual. In this case, however, the nuclei 
of the oogonium fuse in pairs. This may be the case in Eurotium if 
fertilisation does not actually take place. 

19. Eurotium is a type of the large group of Fungi called Ascomycetes, 
which are characterised by the production of asci and ascosporcs. In 
the lower forms of Ascomycctes there are sexual organs, and fertilisation 
has been definitely demonstrated in a number of cases. The asci and 
ascosporcs are by some regarded as a rudimentary development of a 
sporophyte. In the higher types of Ascomycetes the sexual organs are 
lost, and the asci and ascosporcs are developed apogamously. 

20. Penicillium glaucum is a blue mould very similar in habit and 
structure to Eurotium. The apex of each conidiophore, instead of being 
globular, divides into a number of finger-like processes bearing the 
sterigmata. In Penicillium sporocarps arc develop'd only in special 
circumstances — namely, when free access of light and air is prevented. 
The conidia of this fungus, if grown in a saccharine solution, under 
certain conditions, give rise, not to a filamentous mycelium, but to 
isolated cells resembling yeast. This is the torula condition (cf. Mucor > 
p. 522). Like yeast, it excites alcoholic fermentation. 

Sphaerotheca. 

21. Systematic Position. — Whereas Eurotium or Aspergillus 
and Penicillium both belong to the saprophytic group Plecta- 
scales of the Ascomycetes, Sphaerotheca belongs to the 
epiphytic parasitic group Erysiphales. These two groups are 
allied groups of the Plectomycetes, in most of which there is 
a closed ascocarp. Thus Sphaerotheca ?nors-uvae is the 
American gooseberry-inildew, while S. castagnei is the hop- 
mildew, and S. pannosa is the rose-mildew; S. humuli causes 
strawberry-mildew and also hop-mildew. Although there are 
mildews which do not fall in this group, such as the Phycomy- 
cete, Peronospora , it is nevertheless true that the Sphaerotheca 
group include a high proportion of the causes of disease in 
cultivated plants, and a knowledge of their life-history is 
therefore of practical and economic importance. 

22. Habit and Structure. — When a spore of the gooseberry 
mildew reaches a leaf it sends out haustoria which penetrate 
the epidermal cells of the leaf, while the white cobweb-like 
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mycelium forms characteristic patches on the surface of the 
leaf (Fig. 358). The mycelium is thus external or superficial. 
The hyphac are septate, and the segments are uninucleate. 

23. Asexual Reproduction. — During the summer, chains of 
conidia are formed by the same process of abstriction as we 
noted in Eurotium. In Fig. 358, b shows a small square 
of the leaf-surface, from the hyphae on the surface of which is 
produced such a chain of conidia. The conidia are large, oval, 
and uninucleate, and are formed on simple unbranched 
conidiophores which arise from the mycelium. 



Fig. 358. Sphaerotheca mors-uvae (American Gooseberry Mildew). 

A and 13, Conidial (summer) stage, on gooseberry leaf ; C and I), Aacus (autumn) stago, 
on gooseberry ; E, Antheridium and ascogonium coming together ; F, Sporocurp 
in section; G, ripe Ascus, containing eight jiscospores. 

24. Sexual Reproduction. — This takes place in the autumn. 
The sexual organs arise as branches of different hyphae of the 
mycelium. The oogonium is a rather large uninucleate ceil 
cut off from the apex of the female branch; there is a stalk- 
cell below it, but no trichogyne. The antheridium, cut off 
from the tip of the male branch, is also uninucleate but much 
smaller than the oogonium. At fertilisation, the walls of 
oogonium and antheridium break down, and the male nucleus 
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enters the oogonium and fuses with its nucleus. Apparently 
in some cases the male nucleus docs not enter the oogonium, 
and apogamy occurs. Sterile branches arise from the 
mycelium round the sexual organs, and branch and interweave 
to form eventually the wall of the ascocarp. The inner tissue 
of the wall is packing-tissue, serving to nourish the developing 
ascus. The outer tissue forms a firm protective covering, and 
develops peculiar long filamentous appendages which serve to 
attach the ascocarp to the host. There is only one ascus 
developed. The fertilised oogonium undergoes division into 
a row of cells and the penultimate cell, which is binucleate, 
develops into the ascus, in which the three nuclear divisions 
as described in Eurotium occur. In the Gooseberry Mildew 
eight oval ascospores are formed inside the ascus, although in 
the Sphaerotheca group the number of ascospores varies from 
two to eight. 

It will be seen that the sexual process in Sphaerotheca is 
very like the corresponding process in Eurotium, the chief 
difference being perhaps that only one solitary ascus is formed 
in the ascocarp of Sphaerotheca. In Fig. 358, F, the binu- 
cleate cell in the centre is the cell of the ascogonium which will 
form the ascus. The ripe ascus contains eight ascospores (g). 
The ascocarp is of a dark brown colour, with the numerous 
hair-like “ appendages.” r>, in the figure, shows one such 
ripe ascocarp on a square of the skin of the gooseberry in c. 

Claviceps Purpurea (Ergot of Rye, etc.). 

25. General Life-history. — The life-history of this fungus 
shows three well-marked stages or phases, and affords an 
illustration of the polymorphism which is so common amongst 
Fungi. 

(1) The Sphacelia or “Honey-dew” stage is found on 
various cereals and grasses. It has been most carefully 
studied in the case of Rye ( Secale cereal ? ), but it also occurs 
on Barley, Wheat, etc., and on some of the grasses commonly 
found on roadsides, in meadows, and in waste places (e.g. 
Lolium pcrenne). It is the active parasitic stage in which the 
fungus attacks the developing pistil, and forms a mycelium 
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which grows vigorously and reproduces itself by means of 
conidia (Fig. 359). 

(2) The Sclerotium stage is the resting or winter stage. In 
autumn, the Sphacelia forms a hard, slightly curved body, of 
a dark purple or black colour, which protrudes from between 
the paleae of the flower, and may attain the length of an inch 
or even more (Fig. 361, a). It falls to the ground and under- 
goes no change till the following spring. It was to this body 
that the name ergot was first given in reference to its shape 
(from 0. Fr. argot , a cock’s spur). Hard resting bodies of this 
kind arc formed by many fungi and are called sclerotia. 

(3) The Ascospore stage. The sclerotium or ergot 
eventually produces a number of club-headed structures, 
called stromata (Fig. 361, b), in which asci and ascospores 
are developed. From these the Sphacelia form again arises. 

At first the connection between these three stages was not 
recognised. They were regarded as distinct fungi and received 
the generic names Sphacelia , Sclerotium , and Claviceps* 
respectively. The last is now taken as the generic name of 
the fungus in all its forms. 

MYCELIUM - 



CONIDIA 

STER1GMA 

o V' o 0 ^ 

Fig. 359. Claviceps (Sphacelia Stage). 

Section of Conidiophore. 

26. The Sphacelia Stage (Figs. 359 and 360). — The asco- 
spores, which are peculiar in being very slender and threadlike 
(Fig. 364, b), are liberated just when the flowers of the host 
* Latin clava. a club. 
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plants are appearing. They arc carried to the flowers by wind 
and there germinate. In the process of germination little 
swellings appear on the ascospore, and at these points the 
germ-tubes arc developed. They pierce through the epidermis 
and make their way into the tissue at the base of the young 
ovary. 

The mycelium which is rapidly developed consists of septate 
hyphae. It not only rami ties in the tissue of the ovary, but 
also, after a time, spreads over its surface and envelops the 
greater part of it with a dense white covering of interwoven 
hyphae, showing numerous folds and convolutions. This 
investment is the conidiophore. The free ends of the hyphae 
become slightly swollen, and form sterigmata from which small 
oval conidia are successively abstricted (Fig. 359). 

The conidia are developed in great numbers, and are 
embedded in a sweet and somewhat 
viscid fluid which is formed by the 
disorganisation of the outer layers of 
the walls of both hyphae and conidia. 

This fluid is called ” honey-dew,” and 
its appearance on rye and other crops 
is a source of anxiety to the farmer. 

Flies and other insects arc fond of it. 

They are attracted to it by its odour, 
and by their agency the infection is 
spread to other plants. A conidium 
carried in this way to another flower 
sends out a germ-tube which pierces 
the base of the ovary and produces 
another mycelium. 

27. The Sclerotium Stage (Figs. 360 
and 362). — When the growth of the mycelium has continued 
for a considerable time, the mass of interwoven hyphae at the 
base of the shrivelled pistil becomes densely compacted, and 
forms a false tissue which is the beginning of the sclerotium. 
The outer layers of this tissue become dark-coloured and 
growth now goes on actively in this region. The sclerotium 
rapidly elongates and assumes its curved horn-like shape. 



Vertical section through 
developing selerotniin. 
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As it does so it bears at its apex the remains of the SphaccUa 
and the pistil (Fig. 360), and finally these are thrown off. 

The sclerotium or ergot is fully formed just when the grain 
ripens. It then protrudes from between the paleae, but is 
easily detached. Unless the crop is harvested early, it falls 
to the ground and there remains in a dormant condition till 
the following spring (Fig. 361, a). 



Fig. 361. Claviceps. 

A, Sclerotium, resting stage ; 11, Selero- 
tiuni with stromata. 



Fig. 362. Claviceps. 


Ti.iU'.vorse section of germinating 
sclerotium showing a develop- 
ing stroma. 


If a transverse section of the sclerotium be taken (Fig. 362) 
it is found to consist of a dense pseudoparenchyma formed of 
fine united hyphae. The outline of the section is somewhat 
irregular and is interrupted in places by fissures or cracks. 
The outer layers are very dark-coloured. The cells of the 
central tissue are laden with oil, and also contain an alkaloid, 
called ergotin, and other poisonous substances, to which the 
peculiar properties of ergot are due. 

28. The Ascospore Stage. — In spring or early summer the 
scierotia begin to develop their stromata. The process can 
be readily observed if at this time some of them (in good 
condition) be kept half buried in damp clean sand under a 
bell- jar. The first sign of development (it may not be till 
after the lapse of several weeks) is the appearance of a number 
of little swellings on the surface and sides of the sclerotium. 
Then the dark-coloured outer layer is gradually ruptured, 
and the light-coloured heads of the stromata protrude (Fig. 
362). The development of each stroma is due to the out- 
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growth of a tuft of hyphac from the light-coloured inner tissue 
of the sclerotium. 

Each stroma consists, when fully developed, of a light 
coloured purplish stalk, an inch or more in length, and a 
rounded head of a light brown or orange colour (Fig. 301, b). 
As in the case of the sclerotium, the hyphae of the stroma are 
closely interwoven and united, and form a false tissue. The 
head is covered with minute papillae, on which are situated 
the openings or ostioles of numerous flask-shaped cavities, 
called perithecia, which lie in the peripheral tissue of the head. 
These perithecia can be readily seen in a vertical section of a 
stroma (Fig. 363). 


PERITHECIA 



Fig. 303. Claviceps. Fig. 304. Claviceps. 

Vertical section through a stroma, A, Section through a perithecium, show ing the 

showing the perithecia. asci ; B, A single asciis, juseospores escaping. 



From the cells in the floor of each perithecium are developed 
a number of elongated club-shaped asci, which project upwards 
towards the ostiole (Fig. 364, a). The contents of each ascus 
divide to form from six to eight thread-like ascospores (Fig. 
364, b). When the asci are ripe they burst. The ascospores 
escape through the ostioles, and some of them, carried as 
already described to the young flowers of a grass, produce the 
Sphacelia again. 
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29. Notes on the Life-history. — Like Eurotium and Penicil- 
lium, Claviceps belongs to the Ascomycetes. It is, however, 
placed in a different division of that class, namely, the 
Pyrenomycetes, in which the ascocarp or perithecium is not a 
closed case as in Eurotium , but is flask-shaped, and has a 
distinct opening, the ostiole. 

The life-history of Claviceps is more complicated than that 
of Eurotium , owing to polymorphism. The mycelium of 
Eurotium , after a period of asexual reproduction by conidia, 
produces sexual organs. In Claviceps there are no sexual 
organs, and by comparison of this life-history with that of 
other Ascomycetes the conclusion is reached that the ascocarps 
or pcrithecia are here produced apogamously. A graphical 
representation of the life-history is given in Fig. 365. 

PERITHECIUM ^ 

ASCUS 

ASCOSPORE 

W 6PHACELIA 

CLconidium 

Pig. 305. Claviceps. 

Graphical representation of life-history. 
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The life-history is also interesting from the fact that it 
exhibits the phenomenon known as Lipoxeny, that is the 
desertion or abandonment of host (Gk. Xnruv, to abandon, 
^€ 1 / 05 , host). The Sphacelia form, as we have seen, is para- 
sitic on Eye and other grasses, but the fungus then deserts 
its host, and the resting stage is passed on the ground. 

The fungus in all its forms shows remarkable adaptation 
to the conditions of its existence. The abundant production 
of conidia and the method of their distribution (cf. insect- 
pollination in flowers) provide for the rapid spread of the 
active Sphacelia form. The sclerotium is developed and falls 
to the ground in time to prevent its being removed with the 
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crop. The ascospores are produced just when the grass 
flowers appear, and by position and form are adapted for 
wind transport. 


Saccharomyces (= Yeast). 

30. Habit and Structure. — This is the fungus which is the 
exciting cause of alcoholic fermentation in saccharine solutions. 
S. cerevisiae is the beer-yeast (brewer’s yeast) ; S. ellipsoideus 
is the species which sets up fermentation in grape- juice in the 
manufacture of wine. The yeast-plant is a saprophyte, and 
thrives best in saccharine solutions containing in addition 
small quantities of nitrogen and sulphur-compounds. 



C (X2,000) 

Eig. 306. Yeast. 

A, Chain of cells, budding ; 11, A cell budding ; C, Composite diagram from 
variously stained preparations (after Wager). NO, Nucleolus ; CHR, Chro- 
matin ; GIj, Glycogen : VAC, Nuclear vacuole ; V, Volutin granules. 1), 
Foimation of four resting ascospores inside a cell. 

The mycelium is not, as in most of the other Fungi, a 
branched filamentous structure, but consists of isolated cells 
or groups of cells (Fig. 3C>6). Each cell is more or less oval, 
sometimes almost spherical, and contains granular proto- 
plasm, a large vacuole, and a number of oil-globules and 
glycogen granules. In the vacuole is a network of chromatin 
substance, and on one side of the vacuole is a nucleolus 
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surrounded by chromatin. The vacuole, with its associated 
chromatin and nucleolus is called a nuclear vacuole, and 
probably represents a rather degenerate or modified nucleus. 

31. Vegetative Reproduction. — The common method of 
reproduction is by vegetative budding. If yeast-cells in an 
active state of growth are examined, it is found that each 
gives rise to a tiny outgrowth which gradually increases in 
size, and is finally cut off as a separate yeast-cell. This 
process is known as pullulation or gemination (Fig. 3t>(>). 
Each bud receives a fragment of nuclear material and a portion 
of the protoplasm. The division of the nucleus is amitotic. 
The daughter-cells, before being separated off, may repeat 
the process, and thus we have the formation of cell-groups. 

32. Spore-Reproduction. — This is met with only under 
unfavourable conditions, more especially when there is an 
insufficiency of food-material, e.g. when yeast-cells are shaken 
up with water, allowed to settle, and grown on the cut surface 
of a potato, or on moist plates of plaster-of-Paris, or left in a 
neglected condition in a jar. In these circumstances the 
process of pullulation ceases, and certain of the yeast-cells 
become larger and form sporangia. The nucleus of each 
sporangium usually divides into four nuclei. The protoplasm 
aggregates around each of these, and four spores are formed, 
each with a firm, stout wall. In some cases eight spores, or 
less than four may be formed. They must be considered as 
resting spores specially developed to cope with unfavourable 
conditions of existence. When they germinate, on the 
return of favourable conditions, the outer coat of the spore is 
burst, and the process of pullulation begins. 

The spores are developed in exactly the same way as the 
ascospores of the Ascornycetes. In both cases they are 
formed by free-cell formation, the peripheral layer of proto- 
plasm of the sporangium not being utilised (§ 18). We have 
also seen that in some Ascornycetes, e.g. Penicillium glaucum 
(§ 20), the yeast or torula condition is met with in certain 
circumstances. On these facts is based the view that the 
spores of the yeast are ascospores, and the cell (sporangium) 
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in which they arc developed an ascus. According to this view 
Saccharotnyces is a very degraded Ascomvcete in which the 
torula condition has become fixed. 

In a few species of Saccharomyccs a process of conjugation has been 
described, in which conjugation -tubes are developed cither between pairs 
of cells or between the outgrowths from germinating spores. In one or 
two closely allied plants (e.g. Z ygomccharomyces, the Ginger Beer Yeast) 
it occurs just before spore-formation. In this way a fusion of nuclei 
is effected. This has been very generally regarded as being of the nature 
of a sexual process, but it is doubtful if any sexual significance is to be 
attached to it. 


33. Alcoholic Fermentation. — In the process of alcoholic 
fermentation induced by yeast, grape-sugar and other mono- 
saccharide sugars are decomposed. The chief decomposition 
products are alcohol (C 2 H t ,0) and carbon dioxide, but there 
are also minute quantities of glycerine, succinic acid, and 
acetic acid. The general equation might be represented 
thus : — 

C„H 18 0 6 - 2C 2 H f) 0 + 2C0 2 . 

It has been shown that while the yeast-cells thrive best in 
the presence of oxygen, i.e. while the growth and multiplication 
of the yeast-cells is most rapid in this condition, the weight 
of sugar transformed into alcohol and carbon dioxide per unit 
weight of yeast is much greater in the absence of oxygen; and 
that, when oxygen is abundantly supplied, relatively little 
alcohol is produced. 

34. The Meaning of Fermentation. — In the presence of 
oxygen the yeast-plant uses some of the sugar for energy-food 
as do ordinary green plants, oxidising it into water and carbon 
dioxide. This is the most efficient way, both from the point 
of view of energy, and also of the non-poisonous waste - 
products. In the absence of oxygen, however, it can still 
get some of the energy which is stored up in potential form in 
the sugar, by breaking the complex sugar molecule down into 
alcohol and carbon dioxide. This it does by means of an 
enzyme called zymase, which is produced by the yeast cell. 
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The full equation for alcoholic fermentation should therefore 
read — 

+ zymase = 2C 2 H OH + 2C0 2 -f- Energy + zvmasc. 

(grape-sugar) (alcohol) 

The value of the “ Energy ” here is only about one third of 
that obtained by oxidising a molecule of sugar during ordinary 
“ aerobic ” respiration — 

C fi H 12 O f) + 60 2 — 6C0 2 + 6H 2 0 + Energy. 

Besides this, the alcohol produced in the former case soon 
stops further development of the yeast. 

The enzyme zymase can only act in the presence of two 
“ co-enzymes one of these is known to be a soluble phos- 
phate, which enters into temporary union with part of the 
sugar. 

Inversion. — Before yeast cau make use of cane-sugar, it has 
first to “ invert ” it into monosaccharose sugars. This it does 
by an enzyme called invertase. 

Fermentation may therefore be defined as an enzyme 
action of the nature of anaerobic respiration, and during it a 
gas is usually given off. 

It is interesting to note that all young plant cells, whether 
green or otherwise, appear to get their energy at first by 
alcoholic fermentation, rather than by respirational oxidation ; 
it may be, therefore, that yeast has continued this primary 
method to an extreme. 

Agaricus campestris — The Mushroom. 

35 . General . — Agaricus is a very large genus including 
many subgenera and species. It belongs to the large group 
of Fungi called Basidiomyeetes. Popularly most of the 
plants included in it are called “ toadstools ” and “ mush- 
rooms.” Most of them are saprophytes, and are to be found 
in abundance in damp woods where the soil is rich in organic 
substance. A few, however, are parasitic, and very injurious 
to trees which they infest. Apart from this they all closely 
resemble each other in structure and in the general course of 
their life-history. Agaricus campestris is the common mush- 
room. 
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36. Habit and Structure of the Mushroom (Fig. 367). — The 
mushroom is a saprophyte. It lives on decomposing organic 
substances (humus) in meadows and other localities. The 
part of the fungus which is seen above ground — the part 
which is called the toadstool or mushroom — is only the 
complex reproductive structure or fructification. This is 
developed on a delicate filamentous mycelium, the vegetative 
body or thallus, which ramifies through the soil and absorbs 
the organic compounds on which the fungus lives. 

The so-called “ mushroom-spawm ” so largely used in the 
cultivation of mushrooms, consists simply of compacted blocks 
of well-manured soil containing a tangled mass of mycelial 
hyphae. If these be buried in a suitable locality (i.e. damp 
and rich in humus products), the mycelium grows and develops 
fructifications. 

The much-branched 
filamentous mycelium is 
septate, and the segments 
into which the septa di- 
vide the hyphae are binu- 
cleate. Frequently the 
hyphae may be found 
running in strands, and 
anastomoses between 
them are not uncommon. 

37. Reproduction. - The 

reproduction of Agaricus 
is asexual, being effected 
solely by means of conidia, 
also called basidiospores. 

Sexual reproduction has 
been completely lost in 
the group of Fungi to 
which Agaricus belongs. 

Fig. 367. The Mushroom. 

38. The Fructification 

(Fig. 367), on which the conidia are produced, is a very 
massive organ. It seems altogether different in its structural 
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characters from the filamentous mycelium on which it is 
developed. Examination shows, however, that it is really a 
false tissue (p. 517), consisting of compacted interwoven 
hyphae resembling those of the mycelium. It consists of a 
massive circular umbrella-shaped head, called the pileus, 
borne on top of a stalk, the stipe. 

The upper surface of the pileus is more or less rounded 
and convex. In the different species of Agaricus it shows an 
immense variety of colour, due to the presence of colouring 
matters in the cell- walls. The under surface bears a largo 
number of delicate vertical plates radiating from the stipe to 
the edge of the pileus. These bear an external resemblance 
to the gills of fishes, and are spoken of as the gills or lamellae. 
In the Mushroom they are flesh-coloured when young, but 
become a rich chocolate brown when fully developed, and 
covered by innumerable brown or black conidia. 

Encircling the stipe, close to the attachment of the pileus, 
are the remains of a membrane which originally extended 
from the stipe to the edge of the pileus and closed in the 
“ gill-chamber.” This torn membrane is called the velum. 

39. Structure of the Fructification. — The hyphae in the 
cortical region of the stipe are densely compacted, but the 
central or medullary region consists of loosely interwoven 
hyphae with numerous spaces between them. 

If a vertical section be taken across a lamella it shows the 
following structure (Fig. 368). There is a central core of 
interwoven hyphae known as the trama. These hyphae curve 
outwards towards the surface of the lamella, and end in small 
cells, which form what is known as the subhymenial layer. 
Outside these again, forming the superficial layer of the 
lamella, are larger, rather stout and slightly elongated cells. 
This is the hymenium or hymenial layer. 

The cells of the hymenium are of two kinds: (a) barren cells 
called paraphyses; (b) cells called basidia. Each basidium 
bears at its apex two or usually four slender processes called 
sterigmata, and from each sterigma a small rounded conidium 
or basidio-spore is abstricted. 
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Each basidinm has at first two nuclei. These fuse together. By 
division of the resulting nucleus four nuclei are formed, one of which 
passes into each eonidium or basidiospore. The basidium in the Basi- 
diomy cotes is regarded as corresponding to the ascus in ascomycetes, 
and the nuclear fusion in the young basidium to the similar fusion in the 
ascus. It is thought that sexual reproduction having been lost, it has 
been replaced by these nuclear fusions in the basidia. The first nuclear 
division in the basidium is probably a reducing division. 



Fig. 3f>8. Agaricus . 


Section across one of the gills. The diagram to the right represents the hymenium 
and 8ub*hymenium more highly magnified. 


40. The conidia are produced in great abundance. This 
can be demonstrated by laying a ripe pileus for some time on 
a sheet of paper. A sort of print of the under surface of the 
pileus is obtained owing to the thick deposit of conidia. The 
conidia when ripe fall off, and, if they reach a suitable soil, 
they germinate. Each sends out a hypha, which grows and 
branches and produces a new mycelium. The germination 
has only been observed after considerable difficulty. The 
growth of the mycelium from the eonidium is slow, and 
fructifications are not produced till after a lapse of seven or 
eight months. 


i. bot. 
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41. Development of the Fructification. — Fig. 369 shows 
various stages in the development of the fructification. It 
makes its appearance on a strand of the mycelium as a tiny 
rounded or pear-shaped body, consisting of a tangle of hyphae. 

At first there is no dis- 



Fig. 369. Agaricus. 

Stages in development of fructification. 
(Diagrammatic longitudinal Heetion*.) 


tinction between stipe and 
pilous, but, as growth goes 
on, the apex of the develop- 
ing structure expands to 
form the pileus. In this, 
towards its lower surface 
and completely enclosed in 
the tissue, an annular 
cavity appears. In the 
roof of this cavity the 
lamellae are differentiated, 
and its floor becomes thin 
and membranous, forming 
the velum, which is rup- 
tured towards the close of 
development. 

Bacteria 

(“ SCHIZOMYCETES). 

42. General.-The Schizo- 
mycetes, commonly spoken 
of as Bacteria or Fission- 
fungi, form a group of ex- 
tremely minute organisms, 
destitute of chlorophyll, 
which play a part in organic 


nature altogether out of 
proportion to their size. They have been placed among the 
fungi, or with the Cyanophyceae (see p. 490) in a special 
division called the Schizophyta. They are best regarded as 
a distinct group of Thallophyta. The organisms may be 
unicellular or multicellular. The multicellular forms may be 
filamentous, or form cell-plates or cell-masses; they are to 
be regarded, however, as essentially aggregations of uni- 
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cellular forma. Bacteria are ubiquitous organisms, being 
found in the most unexpected media — river water, sulphur 
springs, etc. 


43. The Bacterium -Cell. — 

The cells are extremely 
microscopic, a diameter of 
less than ^ 0 J 0 6 of an inch 
being quite common. They 
can be examined only under 
very high powers of the 
microscope, and even then 
the structural details cannot 
be made out with certainty. 

Each cell has a distinct 
cell-wall. In many cases 
this apparently does not con- 
sist of cellulose, but of a 
chitinous substance. The 
cells contain granular proto- 
plasm in which vacuoles may 
occur. Nuclear substance 
in the form of chromatin 
granules occurs in many; 
but the presence of a definite 
organised nucleus has not 
been demonstrated. There 
are no plastids; but various 
pigments occur. In a few 
forms a granular substance 
has been observed, giving a 
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Fig. 370. Forms of Bacterium- 
Cells. (x 1,500.) 

Staph} locnrcuH fnmi a boil ; B, l)iplo- 
ooocu8 ; C, Sticptooocous, of blood- 
poisoning; O, Nitrosomonas ; E, Bifla* 
gel late liaeteiia ; F, Bacilli, the flagel- 
lated one in B. typhosus of Typhoid 
Fever; G, Commas; H, Spirillum; I, 
Spirochacte pallida of Syphilis; J, 
(Madothrix dichotorua; K, Beggiatoa 
alba (the granules aie depositee) 
sulphur). 


blue or purple reaction with 

iodine, being probably therefore some kind of starch. 

There are many different forms of cells (Fig. 370). Very 
minute spherical forms are called cocci, Sr micrococci ; elon- 
gated rod-like forms, bacilli! spirally coiled forms, spirilla; 
comma-like forms, commas/ These are the commonest. 
Sometimes filaments of bacteria are aggregated in enormous 
numbers and held together by mucilage, forming a sort of 
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scum on decomposing liquids. This is known as the zoogloea 
condition (Fig. 371 , a). Sometimes the cells form cell-masses. 

Th< \se different forms are not necessarily to be considered as 
characteristic of different species. The same species may pass 

through a number of forms 
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Fig. 371. Spoke-formation in 
Bacteria. 

A, Zooglot'A stage, with spore-formation; 


at different stages. They 
are to be regarded rather as 
“ growth forms,” i.e. forms 
assumed at different periods 
of growth. In other words, 
the bacteria are polymorphic , 
although probably not to the 
extent hitherto believed. 

Many bacteria have the 
power of independent move- 
ment. This is in many cases 
ellected by means of very 
slender cilia or flagella, which 


B, Motile stage of A; C, Bacillus 
anthiacis, of Anthrax; L>, Bacillus 
tetani, of Lockjaw; E, Bacillus rny- 
coides. 


are apparently outgrowths, 
not of the protoplasm, but 
of the cell-wall. A cell may 


have one, two, or a number of these. 


44. Reproduction. — There are two methods of reproduction. 
Both are asexual. In the process known as “ fission,” the 
parent-cell undergoes division into two daughter-cells. It is 
simply a process of cell-division in a unicellular organism. 
A micrococcus cell simply becomes constricted and divides 
into two; a bacillus divides transversely. When active, many 
microbes can divide in this way once every half-hour, so that 
in 12 hours one single organism will have produced 16,777,216 
descendants; while in 24 hours, the number would evidently 
be too large to write conveniently in ordinary figures. 

The other method of reproduction, which is a method of 
resting rather than of multiplying, is that of “ spore "-formation 
(Fig. 371). It is commonly seen in bacilli, and as a rule it 
takes place in the zoogloea stage. The protoplasmic contents 
of the cells, starting from a small centre, gradually round 
themselves off, and aggregate in the middle of the cells. A 
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new cell-wall is then formed round the protoplasmic mass. 
When fully formed, this cell-wall is extremely firm and 
resistant. Thus the “ spores ” are produced inside the cells, 
usually one in each cell, but sometimes more than one (endo- 
sporous formation). The spores can withstand great extremes 
of heat and cold without injury, some of them being able to 
withstand boiling or immersion in liquid air for a considerable 
period. They occur everywhere, in the air, in dust, and so 
on. They may remain quiescent for a considerable time if 
the conditions are unfavourable, but are eventually set free 
by the decay of the walls of the parent cells. When a spore 
germinates, the outer membrane is ruptured, and the contents 
escape as an ordinary bacterium-cell. 

45. Physiology of the Bacteria. — Although the bacteria are 
apparently simple in structure, their physiology indicates 
that they have evolved very far from primitive forms; in fact, 
they seem to have explored almost every conceivable method 
of running-down energy with which to build up their body- 
substances. It is true they cannot perform photosynthesis 
as an ordinary green plant does, since they possess no chloro- 
phyll, and usually get on better in the dark; but many of 
them can use carbohydrates as an energy-food as a green plant 
does during respiration, while others perform “ chemo- 
synthesis”; i.e. they derive their energy from chemical 
reactions between simple inorganic substances and then, 
with this energy, they build up their body-substances from 
other simple inorganic materials. The latter group is known 
as the autotrophic bacteria, and it is interesting to note that 
forms such as these could have existed before the appearance 
of either green plants or animals on the earth, as they are 
independent of organic compounds. Those which derive their 
energy from the breaking-down of already-elaborated complex 
organic compounds such as carbohydrates or proteins, are 
called heterotrophic bacteria. 

The heterotrophic bacteria include the following divisions — 

(1) The Parasitic or Pathogenic Bacteria. — These forms 
produce disease in either animals or plants, by producing a 
proteolytic enzyme which kills and decomposes the living 
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protoplasm. The poisonous toxins produced by disease- 
bacteria stimulate the production of anti-bodies, substances 
which neutralise the effect of the toxins, and on this fact 
depends much of the technique of vaccine and serum- therapy. 
Bacillus tetani inhabits the intestines of cattle, and is 
apparently harmless there; but when introduced into a wound 
in the human body it causes lockjaw. It is an obligatory 
anaerobe; i.e. it can only become active in total absence of 
oxygen, and is therefore particularly dangerous when intro- 
duced into any region with a poor supply of blood, which is 
the oxygen-carrier. Most pathogenic bacteria, however, are 
facultative anaerobes ; i.e. they can use oxygen if there is any, 
but oxygen is not essential. Bacteria that demand oxygen 
for their activity are called obligatory aerobes. It should be 
noted that some of the apparently parasitic bacteria are 
harmless, and others even beneficial. 

(2) The Saprophytic or Putrefactive Bacteria. — These only 
attack non-living organic matter, and ferment it into less 
complex forms, often with the evolution of evil-smelling 
gases, as in the decay of the dead plant or animal body by 
Bacillus mycoides, Bacterium termo, Spirillum, and so on. 
In the “ souring ” of milk Bacterium acidi lactici ferments 
milk-sugar into lactic acid — 

C12H22O11 + H 2 0 = 4C 3 H 6 0 3 . 

lactone lactic acid 

Another bacterium “ sours ” wine into vinegar. 

(3) The Nitrogen-Fixing Bacteria.- A zotobacter chroucoccurn 
and Clostridium Pasteurianum are commonly found free, 
especially in chalky soils. They obtain energy from carbo- 
hydrates in the soil; Azotobacter oxidises them, and is 
aerobic, while Clostridium ferments them and is anaerobic, 
only flourishing in an airless soil or in the presence of 
abundance of Azotobacter to use up the free oxygen. The 
energy so obtained is used by both organisms to “ fix ” 
atmospheric nitrogen into amino-compounds; thus these 
bacteria are really heterotrophic with regard to their carbon- 
containing food, but autotrophic with regard to their method 
of assimilating nitrogen. 
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Azotobacter is also found with Bacillus (or Pseudomonas) 
radicicola in the root- tubercles or “ coralline roots ” of Cycas, 
while B. radicicola occurs alone in the roots of many of the 
Leguminosae , and a few other plants. These are undoubtedly 
cases of symbiosis, the bacterium in the root-nodules being, 
not a parasite, but rather a 4 4 paying-guest,” providing the 
plant with fixed nitrogen in return for sugar, and thus enabling 
it to thrive in a soil deficient in nitrogen compounds. 

The autotrophic bacteria include the following: — 

(1) The Nitrifying Bacteria. — These are found free in the 
soil, and include Nitrosomonas, which oxidises ammonium 
compounds into nitrites', Nitrobacter continues the oxidation 
of these nitrites into nitrates , free oxygen being used in both 
cases. It is probable that nitrous and nitric acids are the 
first products, and these must be neutralised by basic sub- 
stances such as lime or chalk in the soil; the latter must be 
well aerated, and the presence of organic compounds in the 
soil stops the action of these bacteria, even very small quan- 
tities of sugar being sufficient to do this. It will be evident 
(a) that the nitrifying bacteria are entirely aerobic; (b) that 
they can only function when the putrefactive bacteria have 
completed the break-down of organic compounds (for diagram 
of the “ Nitrogen- cycle ” see Fig. 131); and (c) that they are 
autotrophic in that, like a green plant, they use carbon 
dioxide in the air or the soil to build up their organic com- 
pounds, the energy for this being obtained from the oxidation 
of ammonium compounds or nitrites, whereas the green 
plant gets its energy by oxidising sugars during respiration. 

(2) The Denitrifying Bacteria. — These are free-living in 
waterlogged or bady-aerated soil, and are entirely anaerobic. 
They break up nitrates with production of free gaseous nitrogen , 
which is returned to the atmosphere as such. This is obviously 
against the interests of the farmer, and is overcome by aerating 
the soil by draining, ploughing, or digging. 

(3) Many Sulphur Bacteria,— -Beggiatoa, for example, is 
aerobic. In presence of free oxygen it oxidises sulphuretted 
hydrogen into water and free sulphur , and stores the sulphur 
as yellow granules in its cells. It then oxidises this sulphur 
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into sulphuric acid, which is neutralised by lime, or by chalk 
with evolution of carbon dioxide. Wienogradsky found that 
this, and many other similar forms, preferred the total absence 
of organic matter from their surroundings — perhaps because 
of the usual acidity of decaying organic matter, which inter- 
feres with the neutralisation of the acids produced as by- 
products by the microbe. It also docs best in the dark. As 
a matter of fact, both sunlight and ultra-violet light generally 
inhibit the activity of microbes. 

/ (4) The Iron Bacteria. — These again are aerobic, and they 
Oxidise ferrous carbonate into the ferric state. 

(5) The Carbon Bacteria. — These organisms appear to be 
a^)le to oxidise damp coal, charcoal, etc., into carbon dioxide, 
uiing atmospheric oxygen. 

I (6) The Hydrogen Bacteria. — These can use free hydrogen 
ah a “ food-material,” and they appear to oxidise it, using one 
c|f the oxides of nitrogen. 

There seems little doubt that the above remarkable meta- 
bolisms are performed by enzyme-action, though as to the 
nature of the enzymes that can perform such seeming impos- 
sibilities, we know very little beyond the fact that many of 
them are certainly of the nature of oxidases. 

46 . Bacillus subtilis will serve as an example. It is the 
hay-bacillus. If hay be chopped up and either soaked or 
boiled in water and kept for some little time, numerous 
bacillus cells can be recognised if the fluid be examined under 
a high power. Each cell is a tiny rod-shaped body having the 
structure above described. It bears a number of flagella. 
In this stage the cells multiply by fission, but after a time 
they pass to the surface and form a scum (zoogloea stage). If 
this be examined the cells will be found aggregated into long 
filaments embedded in a mucilaginous substance, formed by 
the disorganisation of the outer layers of the cell-walls. It is 
in this stage that the spores are developed. They are 
extremely resistant, and can withstand boiling for a con- 
siderable time. They germinate in the usual way in a 
suitable medium. 
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47 . Cultures. — Make up a culture medium of one litre of 
water, 10 grm. of glucose, 0*2 grm. each of potassium phosphate, 
magnesium sulphate, and sodium chloride, 0*5 grm. of calcium 
carbonate, and 0*1 grm. of calcium sulphate. Sterilise this 
by boiling it in a flask lightly plugged with cotton wool. Now 
introduce to the cold solution a small quantity of soil, which is 
sure to contain azotobacter chroococcum, a powerful nitrogen- 
fixer. If the flask is now kept at about 35° C. for a week, the 
contents will be seen to have fermented, and a brownish scum 
will have formed on the surface of the liquid. By subculturing 
in the same way with a little of the scum, a fairly pure culture 
of azotobacter may be obtained. It is interesting to get a 
friendly chemist to estimate the amount of nitrogen fixed by 
Kjeldahrs method. 

In most cases where a pure culture is required, it is found 
best to work in the following three steps: (1) one drop of the 
“ impure ” culture is mixed with a large volume of sterilised 
(boiled) cold water, so that one drop of this liquid contains 
only one or two bacteria; (2) one of these drops is added to a 
culture-medium consisting of nutrient substances mixed with 
gelatine, which “ sets ” when it cools; this localises the 
multiplying bacteria, so that from each separate bacterium 
in the medium we soon have a colony of cells formed, and the 
general appearance of this colony is often very characteristic, 
and of quite as much help in identifying the bacterium as is 
the microscopical examination of the organism; (3) one of 
these colonies is touched with a sterilised platinum needle, 
the latter is shaken in more sterilised water, and one drop of 
this is sub-cultured on fresh medium ; this should give a pure 
culture. 
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CHAPTER XXI. 

THE ECOLOGY OF PLANTS. 

1. Plant Ecology is the study of the relation of plants to 
their environment/ Evidently it is a study which implies a 
more or less intimate knowledge of both the structure and the 
physiology of plants, and some acquaintance also with the 
facts and principles of Plant Evolution. Some reference to 
the subject has already been made in Chap. VIII.; it will now 
be considered in greater detail. 

2. Adaptation. — We have seen that amongst plants there is 
a constant struggle for existence, which is keenest between 
allied plants having similar habits and requirements. The 
successful ones are those which secure an advantage owing to 
more perfect adaptation. Some may become better adapted 
to the conditions of temperature; others to variations in the 
amount of moisture present at different periods. Others, 
again, may maintain their position because they possess a 
ready and effective method of seed-dispersal. At the same 
time it must be remembered that what counts in the struggle 
for existence is the whole equipment of the plant, not the 
possession of any single adaptive or advantageous feature. 

In all cases where the struggle is severe the weakest and 
worst equipped are driven to the wall. Such unsuccessful 
competitors may die off and become extinct; but, frequently, 
plants that fail in open competition are able to exist in special 
localities, where there is less competition, owing to their 
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having acquired some special adaptation. Some, for example, 
may be able to grow in sandy places near the sea where the 
soil-water contains a large amount of salt; others may become 
adapted to live in marshy places, or in conditions which are 
completely aquatic. Occasionally unsuccessful types develop 
the climbing habit, or become epiphytic or parasitic upon their 
stronger neighbours, and thus succeed in maintaining them- 
selves. 

All these different '* types ” of flowering plant, which are 
characterised by adaptation to special conditions of existence, 
have been derived from typical land-forms. It has to be 
noticed, in this connection, that specialisation usually entails 
a loss of adaptability, i.e. a loss on the part of the plant of the 
power of accommodating itself to new surroundings. Hence 
highly specialised plants must usually conquer their surround- 
ings in order to survive, and remain as “ fixed ” types as long 
as they can do this, but become extinct when subjected to 
adverse conditions. 

3. Environment, — All the factors of the environment must 
be taken into account. These factors fall into four main 
groups: (1) the physiographic factors, including altitude, 
exposure, slope; (2) the climatic factors, including tempera- 
ture, rainfall, light; (3) the edaphic factors, including the 
physical and chemical characters of the substratum, i.e. in 
most cases the soil; (4) the biological factors, including other 
plants, animals, and man. 

The external conditions of environment vary widely in 
different localities and in different parts of the globe. It 
is important therefore to consider the influence they exert 
on the distribution of plants. 

We shall briefly consider the general influence of tempera- 
ture, light, moisture, wind, and soil. 

4 . Temperature. — So far as can be observed no striking 
structural modifications are associated with differences in 
temperature. Ability to withstand extremes of heat or cold 
appears to be a specific property of the protoplasm and is not 
provided for by any visible structural adaptations. 
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Temperature, however, is of the utmost importance in 
relation to all the vital processes, and also exerts a profound 
influence on the geographical distribution of plants in correla- 
tion with the fact that the average temperature and the range 
of temperature both vary widely in different parts of the 
globe and also in different localities. 

On the whole, most plants prefer temperatures lying 
between 20° C. and 30° 0., although many are specialised to 
withstand very high or very low temperatures. We may 
distinguish between (a) heat-lovers, which only develop in 
tropical regions; (b) cold-fearers, which grow more especially 
in warm temperate and sub-tropical regions, and are killed 
by frost; ( c ) cold-bearers, which are able to survive the frosts 
of winter in various ways. 

The temperature of any region depends upon its latitude, its height 
above sea-level, its distance from the sea. Tour regions or zones may 
be recognised: (a) The Torrid Zone, lying between the Tropics, the 
average annual temperature of which lies between 26° C. and 32° C. 
Tropical plants can only be grown in hothouses in Britain. (6) The 
Warm Temperate or sub-tropical zone. Here the average annual 
temperature lies between 13° C. and 25° C., and the temperature does 
not sink at tho cold winter period (January in North Hemisphere, 
July in South Hemisphere) below 5° C. The plants of this region can 
be grown in green-houses if they are protected from frost, (c) The Cool 
Temperate Zone. The average annual temperature lies between 5° C. 
and 15° C., and the period of active vegetation lasts only for six months. 
( d ) Arctic and Alpine Regions. The Arctic Zone is that around the 
poles, and its flora is very limited, whereas the Alpine Zone includes the 
tops of the higher mountains in all the other zones and has a more 
diverse flora. 

5. Moisture. — So far as structural modification is concerned 
water is undoubtedly the most important factor of the 
environment. The whole organisation of a plant, internal as 
well as external, bears a close relation to the conditions under 
which water has to be absorbed, distributed, and, in many 
cases, economised. This will be clearly brought out in 
connection with the various biological groups of plants (§§ 
10 - 26 ). 

Water exerts an important influence not only on the local 
or topographical distribution of plants, but also, second only 
to that of temperature, on their wider or geographical distri- 
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bution. Within the Tropics there are certain parts where 
the wet season continues almost without intermission during 
the entire year, although in most parts dry and wet seasons 
alternate in regular succession. A large part of the warm 
Temperate Zone lying north and south of the Tropics is subject 
to drought or has only periodical rainfalls. In the Temperate 
Zone there are variable winds and rain. These three regions 
arc characterised by plants which differ as regards the amount 
of moisture they require (hygrophytes, xerophytes, mesophytes 
respectively — see § 10). 

6. Light. — We can frequently recognise structural modifi- 
cations developed in response to the influence of light. Shade- 
plants have frequently large leaves and long internodes, and 
the palisade tissue of the leaves is poorly developed. Sun- 
plants, on the other hand, more especially if exposed to very 
intense light, have small leaves and short internodes, owing 
to the retarding action of light on growth, and the palisade 
tissue is well developed. It is partly for this reason that 
alpine plants have a more condensed habit than plants 
growing in the valleys. Possibly also the forms assumed by 
leaves are largely due to the influence of light. 

Light determines mainly very local distribution, although 
many of the distinguishing characters of plants in widely 
separate regions (e.g. Tropical and Arctic plants) are correlated 
with variations in the intensity and duration of the light to 
which they are exposed. Some plants Jove the shade, others 
full exposure to the sun. A certain amount of the light rays 
are absorbed in passing through water. Hence sea- weeds 
and fresh-w r ater plants cannot exist below a certain depth, 
because insufficient light would reach them. Plants with 
thick fleshy leaves or cladodes prefer bright sunlight because 
otherwise the inner assimilating layers only receive very weak 
light. The Wood-sorrel (Oxalis ace to sella), Cow- wheat (Melam- 
pyrum)> Sweet Violet, Wood Geranium, and most liverworts, 
mosses, and ferns arc good examples of shade-loving plants. 
The Stone-crop (Se.dum), the House-leek (Sempervivitm), Sun 
Spurge ( Euphorbia helioscop ia), Sunflowers, and Field Poppies 
are examples of sun-plants. 
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7. Wind. — The characteristic appearance of bushes growing 
along exposed ridges (sea-cliffs, etc.), where the branches bend 
over in the direction of the prevailing winds, is partly a 
mechanical effect of the wind, partly due to the withering or 
death through excessive transpiration of the parts of the plants 
facing the wind. The excessive transpiration produced has a 
desiccating effect on vegetation, best seen of course in the case 
of shrubs and trees. This accounts, in part, for the dwarfed 
and stunted form assumed by plants growing in exposed 
regions at high elevations, and, in combination with the 
destructive action of wind, explains why the conditions in 
such regions are unfavourable for the growth of trees. 

8. The Soil or Substratum. — In considering the influence of 
the soil on plants attention must be given to both its physical 
and chemical properties. With regard to the physical 
properties the most important are porosity, capillarity, and 
water capacity. In connection with its chemical properties 
the nature and amount of the available plant-food have to be 
considered. Here it has to be remembered that the presence 
in excess of any substance in the soil may have an injurious 
or poisonous action on a plant, and that plants have different 
powers of adaptation to various kinds of soil. 

Certain modifications are apparently to be ascribed to the 
chemical properties of the substances present. Thus plants 
grown in soils rich in chalk or clay differ in certain respects 
from plants growm in soils deficient in those substances. In 
a few special cases marked modifications seem to have been 
produced in this way. 

On the other hand, many modifications are due not to the 
chemical properties of the substances present, but to the 
fact that they alter the conditions with regard to the absorp- 
tion of water. The presence in large amount of soluble salts 
in the soil, for example, renders the absorption of water 
difficult, and leads to xerophytic adaptation. According to 
some, however, the storage of water in such cases is an 
adaptation, not so much against “ physiological drought ” as 
to diminish the injurious and poisonous effects of undue 
concentration of the absorbed substances in the plant cells. 
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The substratum, taking the term in the widest possible 
sense, determines very local distribution. Many plants grow 
only in bogs or swamps, others in peaty soils or in soils rich 
in vegetable remains, others again in or on running or stagnant 
water, others on sandy or muddy coasts. 

Similarly, some plants prefer chalky soils, others rich loam, 
while some succeed in maintaining themselves on the poor 
thin soil derived from granite rocks. In these cases, however, 
the relation to soil is not definite. Thus a plant which in one 
region is restricted to a chalky or siliceous soil may in another 
region be found growing indiscriminately on different soils. 
In explanation of this we have to remember that various 
other factors have to be considered, e.g. the physical properties 
of the soil, the presence or absence of other kinds of plant- 
food. Another important factor is the amount of competition 
to which a plant is subject; a plant may inhabit a poor soil, 
not from choice, but from necessity. 

The physical properties of the soil arc apparently much 
more important than the chemical in determining the distribu- 
tion ^fyfnants. 

9. Plant Associations. — From what has been said it will be 
recognised that various plants (belonging to widely different 
orders) grow together in certain localities evidently because 
they like (that is, are adapted to) the same kind of soil, the 
same conditions of dryness or wetness, the same amount of 
light or shade, etc. Such biological groups of plants (Marsh- 
plants, Shore-plants, Climbing-plants, etc.) may be called 
Plant Associations. 

From the ecological point of view Flowering Plants may, 
first of all, be divided into three main groups or categories: 
(a) Geophytes, (b) Aerophytes or Epiphytes , (c) Hydrophytes. 
Gcophytes are land-plants fixed in the soil by means of roots. 
Aerophytes or epiphytes (see p. 233) are land-plants which grow 
attached to other plants. Hydrophytes are aquatic or water- 
plants; they are said to be hydrophilous (i.e. water-loving) and 
are subject only to aquatic conditions. In addition to these there 
are the small groups of parasitic and saprophytic flowering 
plants whose characters have already been considered (p. 211). 
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Among gcophytes, which include the vast majority of 
Flowering Plants, various groups or types of adaptation are 
distinguished. Plants which grow in very moist conditions, 
in marshes or swampy ground, on river-banks or on ditch- 
sides, and which therefore come nearest to being aquatic, are 
called hydrophilous (moisture-loving) plants or Hygrophytes. 
They are usually of large size and luxuriant growth, devoid 
of thorns (though prickles may be present), and with an 
abundance of stomata and a thin cuticle. The root system 
is not strongly developed, and the leaves have frequently 
elongated apices ( u drip-tips ”) for throwing off water. Most 
Ferns and Palms (Bananas, etc.), are hygrophilous. 

At the other extreme are xcrophilous ( kt drought-loving ”) 
plants or Xerophytes (see p. 232). Cacti are typical xero- 
phytes, and so also are very many Acacias and Euphorbias. 

Between xerophytes and hygrophytes we find a great many 
intermediate forms (Mesophytes), comprising, in fact, the 
majority of British plants, which grow in meadows, pastures, 
cultivated fields, and in woods and plantations of decidu- 
ous trees (Beech, Oak, Birch, etc.). These plants show no 
decided xerophilous or hygrophilous characters, though some 
approach xerophytes in form and structure and others 
approach hygrophytes. 

Woody perennials (trees and shrubs) with deciduous leaves 
show distinctly xerophilous characters in winter (the protected 
winter-buds, cork-covering of stems and of leaf-scars, cork- 
layer closing up the lenticels), while in summer they bear 
thin leaves like those of mesophytes or hygrophytes. It has 
been proposed to call such plants, which are more or less 
hygrophilous in summer and xcrophilous in winter, Tropo- 
phytes ( i.e . “ changing plants ”). This applies only to 
deciduous plants; evergreen land-plants are more or less 
strongly xerophilous in character. 

It must be remembered that no hard-and-fast lines can be 
drawn between these types. Some aquatic plants can, when 
the stream or pond dries up, continue to live and grow, some- 
times even more vigorously, in the air, thus changing from 
hydrophytes to mesophytes. The same species of plant may 
be found growing under hygrophilous or xerophilous con- 
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ditions in different localities. In each case the structure of 
stem and leaf, as well as the form of the leaves and the general 
habit of the plant, become modified to suit these different 
modes of life. 

10. Life-History of a Plant. — Although the general course 
of the life-history is much the same in all flowering plants — 
the seed giving rise to a seedling, which, after growing and 
vegetating for some time, flowers and produces new seed — 
yet there are many differences in detail. One variation from 
the typical life cycle, of very general occurrence, is seen in 
vegetative reproduction, and of this there are many different 
forms in different plants. But, in addition to this, there are 
many minor differences between the different plants, as regards 
their duration, their time of flowering, and their behaviour 
during successive vegetative periods. Moreover, all plants do 
not behave similarly during the changes of season, although 
in the case of the perennial plants of North Europe a summer 
period of intense activity alternates with a period of quiescent 
hibernation in winter. 

11. Duration and Seed-Production.— That a plant should 
live, grow, and produce flowers, fruits, and seeds continuously 
and indefinitely is perfectly conceivable, but, as a matter of 
fact, the expenditure during the period of seed-production is 
usually much greater than the income of the vegetative shoot 
at this time. Hence plants usually store up food for some 
time before flowering, and this implies the introduction of 
rhythm or periodicity into the life- history. 

Plants may be classified into annuals, biennials, and 
perennials, according to whether their life-cycle is completed 
within one, two, or several years. Again, plants are either 
monocarpic and completely exhaust themselves the first time 
they produce seed, or arc polycarpic and spread their produc- 
tion of seeds over several seasons. Hence of necessity annuals 
and biennials are monocarpic, whereas perennials may be 
either polycarpic or monocarpic. All polycarpic perennials 
store up a good food-reserve, which enables many of them to 
flower early in the year. 

I. BOT. 36 
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Only a few perennial*) are monocnrpic. They may either be arboreal 
(many Palms and Giant Bamboo) or herbaceous, as in the slowly 
growing Century Plant (Agave). Such plants vegetate, grow, and store 
up food-materials often for more than twenty or thirty years, at the end 
of which time they produce a great crop of fruit and seeds and die 
exhausted. 

Biennials devote their first season to accumulating food, which is 
stored in the root (Carrot, Parsnip, Beetroot) or in the hypocotyl 
(Turnip, Radish). After perennating through the winter, they utilise 
their surplus food in producing a large number of flowers and fertile 
seeds, and then die. If exhaustion is prevented by cutting off the fruits 
before they grow, life may be prolonged almost indefinitely. Many 
plants popularly classed as biennials, because they flower in their 
second year, grow as perennials when undisturbed (Foxglove, Snap- 
dragon). 

In some annual plants termed ephemeral s, the duration of the life-cycle 
is so shortened as to enable several generations to follow one another dur- 
ing a single season, only a few weeks intervening between the germination 
and fruiting of each individual (Shepherd's Purse, Chickwecd, Groundsel). 
The Groundsel in fact grows and fruits all the year round. There is, 
however, no sharp distinction between annuals and “ ephemerals,” for 
the former may go through two or even three generations when the 
favourable seasonal period is unusually prolonged, and an ephemeral 
may only have time for a single life-cycle when the seasonal period is 
very short, as in Alpine and Arctic regions. 

Both the duration of a plant and the number of times it may flower 
are liable to be modified by external circumstances. Many annuals may 
become biennials if a wet summer or rich soil retards flowering, and if 
the winter frosts arc not so severe as to kill them. Starved annuals may 
become ephemerals by shortening their life-cycle. Such plants as the 
Castor Oil and Scarlet Runner are perennials in warm climates, but 
become annuals in cold ones, since they are killed by the winter frosts, 
whereas their seeds survive. On the other hand, the existence of many 
annuals is prolonged when they are not allowed to fruit and seed (e.g. 
Mignonette). 

12. Effect of Changing Seasons. — We have seen that water- 
supply and temperature are two of the conditions on which 
normal protoplasmic life depends. These vary enormously 
with (a) climate, (b) seasonal changes. The simple life-cycle 
thus becomes greatly complicated in correlation with these two 
factors, and in ail parts of the world, except certain regions of 
the moist Tropics, the influence of the rhythmic alternation 
of the seasons is deeply felt. This influence of annually 
changing seasons is generally felt in the form of one season being 
unfavourable for growth. This is due to — 
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(1) Too little water. 

(2) Too little heat. 

(3) Too much heat and too little water combined. 

Plants therefore require to live protected against — 

(1) A dry season (Drought). 

(2) A cold season (Winter). 

(3) Hot dry season (Desert condition). 

The various modes by means of which plants manage to 
persist in a more or less dormant condition over unfavourable 
seasons are included under the term perennation. In this 
country the facts of perennation are so familiar that they are 
often overlooked, and they are almost wholly correlated with 
winter-cold . Very few British plants are dormant in summer — 
e.< f. Snowdrops. In hot and especially in desert countries the 
perennation period corresponds to the hot season, and vegeta- 
tion continues in the wet season. 

Winter Perennation. — In adaptation to their surroundings the plants 
of cold climates have acquired various means of surviving the cold period 
of the year. Except in the case of evergreens, which retain their leaves 
for two or three years, the leaves usually die and fall off at the onset of 
winter. This resting condition is induced not so much by the direct 
action of the low temperature as by the deficiency of water consequent 
on the reduction of root-absorption which it causes. It is the same 
danger of desiccation during winter which has caused the leaves of our 
evergreens to become leathery, or to acquire thick cuticles. This is 
why a dry cold east wind is more hurtful to our indigenous plants than 
a moist but equally cold west wind. 

The stems and branches of shrubs and trees are more exposed to 
extremes of temperature than the roots. They are able to withstand 
severe cold owing to the cork layer which covers them, mainly because 
it protects them against the loss of water, and to a less extent because 
it acts as an insulating jacket, keeping in heat just as a blanket would do. 

Drought Perennation. — In tropical climates the seasons are determined 
not so much by the temperature as by the amount of rainfall. Typically 
one or two wet and dry seasons occur each year in alternate succession, 
and if the dry season is at all prolonged, the vegetation suffers a pro- 
nounced check. The special adaptations by which plants are enabled 
to survive periods of drought are very similar to those exhibited by the 
plants of cold climates, which each season must successfully withstand 
a shorter or longer exposure to severe cold. Thus in both cases trees 
and shrubs lose their leaves or have developed the evergreen habit, with 
persistent leathery leaves, thick cuticle, water-storing devices, and so 
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on; while plants with underground perennial, tuberous, bulbous, or 
rhizomic stems are characteristic of drj% arid regions, and occur equally 
commonly in cold climates. Under exceptionally severe conditions 
annual plants have a distinct advantage over all others, since their 
seeds are, in most eases, not injured by drying, and equally unaffected 
by frost. Hence annuals may exist where trees and shrubs cannot 
develop, and where even plants with perennating underground parts 
can maintain themselves only with difficulty. 


13. The Modes of Perennation may be summarised as 
follows : — 

1. The Evergreen Tree. — The foliage persists, but is protected. 

2. The Deciduous Tree. — The foliage is shed for winter-cold 
or summer-drought . The shoot is protected by its cork jacket, 
and the growing points perennate as buds covered by protec- 
tive scales. 

3. Herbaceous Perennials. 

(i) Only the flowering shoot dies, as in summer-flowerers 

such as Buttercups. 

(ii) All the aerial portions die , as in most plants with 

rhizomic stems. 

4. Special Types of Subterranean Perennation. 


(a) The Bulb. 

(b) The Corm . 

(c) The Rhizome. 


The Bulb and Corm may be regarded 
as perennating buds, while the Rhi- 
zome is a stem which has gone below 
ground for protection. 


5. Seed Perennation. — This is the most perfect type of 
perennation known, for the dried dormant plant-let provided 
with food-materials and enclosed in its protective coverings 
retains its vitality often for many years and under most 
adverse circumstances. 


14. Plant Societies. — We shall now proceed to consider in 
detail the features presented by some of the more important 
biological groups of plants, and of plants growing in special 
regions, with special reference to British plants. 


15. Water-Plants are subject to less extremes of temperature 
than land-plants, for the water in which they grow takes 
longer to be heated and longer to cool. Owing to this greater 
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uniformity of conditions many of them are very widely 
distributed. Being more or less screened by the water from 
the action of light they show many of the characters of shade- 
loving plants (long internodes, no palisade tissue, presence of 
chloroplasts in the epidermal cells). The structural modifica- 
tions of aquatics have already been considered in Chap. VIII. 
(p. 232). 

In plants growing in running water ( e.g . Awlwort and 
Water Lobelia) the leaves are usually long and ribbon-like, 
the form best adapted to resist the movement of the water. 
In still water the leaves are usually much divided, as in 
Utricularia, Water Buttercups, and Water Milfoil, and thus 
present a larger assimilating surface to the water. 

Leaves which float on the surface of the water are usually 
entire and rounded or slightly lobed (Water-lilies, Pond- 
weeds, Duckweed, Frog-bit, some Water Buttercups), and 
bear stomata on their upper surface, w’hich is covered with 
cuticle or wax so as to prevent w T etting. These floating leaves 
have the same structure as those of land-plants, but the air 
spaces are very large and are continuous with air-passages 
running down the leaf-stalk to the submerged stem and roots. 
In submerged parts these air-spaces not only enable the plant 
to float upright, but they also convey air to the low 7 er parts 
growing in deep water or in mud, where little or no oxygen is 
present for respiration. 

Carbon dioxide dissolves readily in water, and therefore the 
percentage of this gas in water is higher than in air. Since 
a submerged plant gets water, salts, carbon dioxide, and 
oxygen so easily, and lives in very favourable conditions 
generally, it grows rapidly, branches freely, and reproduces 
itself largely by vegetative means, chiefly by the decay of 
the older parts setting the branches free, or by branches 
breaking off. 

The majority of water-plants are perennial. The water- 
plants of tropical regions grow continuously all the year 
round, not being hampered by either a cold or a dry season. 
In temperate regions growth is interrupted by the winter, 
and various methods of perennation occur. In some cases — 
e.g. Callitriche — the plant remains unaltered, merely sinking 
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to the bottom; in Water-lilies food is stored up in the rhizome; 
in Arrow-head tubers are formed. A very common mode of 
perennation is the formation of winter-buds, which are 
developed at the ends of the branches. These buds are large, 
their leaves contain reserve food; they drop otf and remain 
at the bottom during the winter, growing up in the spring. 
Winter-buds of this kind occur in Water Milfoil, Water Violet, 
Bladderwort, Frog-bit, and various species of Potamogeton 
(Pond- weed). 

Since water-plants reproduce themselves so extensively by 
vegetative methods, it is not surprising that they usually 
flower much less freely than land-plants. In a few cases the 
flowers are adapted for pollination by the agency of water — 
at the surface or below it. In most water-plants, however, 
the flowers are formed above the water, and are adpated for 
pollination by wind or by insects. In the former case much 
of the pollen must fall into the w T ater and be wasted; in the 
latter, the scarcity of insects makes the chance of cross- 
pollination small. 

The plants so far mentioned grow with the entire shoot 
under water (except the flowering branches) and the leaves 
submerged or floating. In some Water Buttercups part of 
the shoot remains below and bears divided leaves, while part 
grows upwards and bears broad, floating, or aerial leaves. 
Some plants — e.g. Polygonum amphibium, Littorella (Shore- 
weed, on margins of mountain-lakes) — can grow either sub- 
merged or on muddy soil with their shoots in the air. In 
such amphibious plants the leaves of the land form are 
broader, and the stem- and leaf-structure resembles that 
found in ordinary land-plants. 

In the case of many water-plants it is found that they can 
be grown on land, either by transplanting them to ordinary 
soil or by sowing the seeds in soil: in the former case the new 
shoots formed differ from the water-form in regard to leaf- 
shape and the leaf- and stem-structure; in the latter case the 
seedlings produce at first some leaves of the aquatic type, and 
later bear broad land-leaves. In some cases the change from 
land-plant to water-plant can be brought about, especially 
with plants which grow ordinarily in damp places. 
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The following are plants common in ponds and streams, with stems 
submerged and leaves often submerged or boating: Many varieties of 
Water-crowfoot ( Ranunculus aquatilis ), Water-lilies (Nymphaea and 
Nuphar), Horned Pond -weed ( Ceratophyllum ), Water- violet ( Hottonia 
palustris), Water-milfoil ( Myriophyllum ), Bladderwort (Utricularia), 
Water-starwort ( Callitricke. ), ArroAvhead ( Sagitlaria ), various species of 
Pond -weed ( Polamogelon ), Duckweed (Lemna). 


16. Marsh Plants. — Under this heading we include those 
plants whose roots and rhizomes, or shoot- bases, are in water 
or mud, while their leaves, or foliage- bearing shoots, and of 
course the flowers, grow in the air. Between typical aquatics, 
marsh plants, moisture -loving plants, and land plants, there is 
every stage of transition. We may, however, distinguish 
between associations of permanently submerged water-plants 
and those characteristic of marshes and bogs in which the 
substratum alternates between long periods of wetness and 
shorter periods of more or less complete drying-up. The 
characteristic feature of marsh and bog plants is that their 
lower parts, buried in the mud, are adapted to aquatic life, 
while their upper parts, exposed to the air, either resemble 
those of land plants or are adapted to withstand drought. 

The reduced leaf-surface and thick cuticle of Bushes, 
Sedges, Horsetails, etc., have often been attributed to the 
existence in stagnant mud, especially in peat-bogs, of acids 
produced by the decaying organic matter, this acidity making 
it difficult for the roots to absorb water and necessitating a 
reduction in the transpiring surface of the plant. But actual 
analyses show that in some cases at any rate the pond-mud 
in which Bushes and Sedges grow contains no acids or only 
traces of acidity, and moreover the presence of acids, in 
certain quantities, actually increases the rate of water absorp- 
tion by plants. 

In order to meet these objections it has been suggested 
that these “ marsh xerophytes ” owe their mixed characters 
to the persistence of ancestral features in spite of a striking 
change of habitat, and that they are now “ hydrophytes 
wearing a xerophytic mask.” Perhaps the bad aeration of 
the roots, which usually show marked hydrophytic characters, 
especially in the existence of abundant air-spaces, has some- 
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thing to do with the xerophytic structure of the shoot in both 
bog and marsh plants, and the “ physiological drought ” 
theory (i.e. the view that the acidity of the substratum 
prevents absorption and acts in the same way as actual lack 
of water) may hold good for bog plants. At any rate, the 
biology of marsh and bog plants appears to be somewhat 
complex. 

In the plains of India, owing to the well-marked distribution 
of the year into a dry season of considerable duration and a 
wet season which is comparatively short, bog and marsh 
plants are rare. During the fierce heats of the dry season, 
every tiling resembling a marsh is liable to become dried up at 
a very early period, and only in a very few places do such 
stations for plants remain marshy throughout the year. 

What species there are belonging to this category are mainly 
to be found in the hills, where the country does not dry up 
to so great an extent in the dry season, and there, especially 
in the north, may be found many of the same genera as in 
Europe; but in the plains there are but few plants to be seen 
that belong to this group. These include a good many of the 
Sedge Family, especially Carex , Cyperus , Eleocharis , Scirpus , 
Fimbristylis , and others, a few Grasses, Rushes (J uncus), and 
others. In the rice fields there grows a special flora of small 
annuals which die when the fields are drained for the harvest, 
but these are as much water-plants as bog-plants. 

17. Moorland Vegetation. — The greater part of India, being 
flat, contains nothing in the nature of moors, which are 
elevated portions of land covered with a peaty soil, and 
inhabited by various xerophytic plants. But in the hills, 
and more especially in the Khasias and the Nilgiris, such tracts 
of land may be found — open rolling expanses of grass land, 
sometimes boggy in the hollows near the streams. The flora 
of the corresponding vegetation of the Ceylon mountains has 
been very thoroughly worked out, and it will be best to use 
that as an illustration, which will apply to others of these 
areas in India. 

The soil at high levels is very rich in humus, and is of an 
extremely fine consistency; the chief vegetation upon it is 
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gasses, which at the lower levels usually grow in a very tufted 
manner, but at the highest elevations form a turf. In the 
swampy places more especially, species of Cyperaceae and 
many Eriocaulons form the bulk of the vegetation, though 
they are also common on the more open and drier places. 
Trees, on the other hand, are comparatively rare, in Ceylon 
Rhododendron arbor? uni being the only one at high levels, 
Careya arborea the only one at moderate elevations. At high 
levels the flora changes type as compared with that at the 
lower elevations, becoming much more like the European 
flora in its composition, including many species of such genera 
as Anemone , Thalictrum , Ranunculus , Berberis , Hypericum , 
Rabun , Potent ilia , Alchemilla , Agrimonia , Valeriana , Dipsacus , 
Campanula , Gentiaua , and many others; while among the chief 
ornaments of the grass lands are such flowers as those of 
Exacum , Satyrium , and others. 

Bearing in mind the fact that the soil on which these plants 
live is one which does not retain water well, and that for a few 
months of the year, at any rate, they are exposed to severe 
drought, one will expect that many of them should exhibit 
xerophytic characters, and is only surprised to find to what a 
small extent these characters arc shown. A good many 
exhibit rolling up of the leaf, though not in its most pronounced 
form. Others with thin needle-like leaves are very common; 
yet others have small leaves closely crowded together. In 
others again protection is obtained by means of a coating of 
hairs, of greater or less density, upon the surface of the leaf. 
Some have a coloured pigment in the leaves, and especially in 
the young leaves. Some have the leaves in a hanging position 
or otherwise so arranged as to present a sloping ot vertical 
surface to the rays of the sun. Sleep movements of the leaf 
are very common, and there are other methods for reducing 
transpiration, but, as already mentioned, the amount of 
reduction is by no means so large as might be expected, and 
the plants do not at first sight look very xerophytic. 

A remarkable fact with reference to these high level moors, 
in Ceylon at any rate, is that they do not occupy the highest 
points of the hills or ridges, and the forest the valleys, as one 
would naturally expect, but the reverse, the forest being upon 
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the ridges, and the moors occupying the valleys, grassy if 
the valley be dry, sedgy if the valley be wet. The boundary 
between the moor and the forest is marked off with extra- 
ordinary sharpness, and remains very constant from year to 
year. A few strides carry one from the moor into the forest, 
which has a totally different vegetation, whilst along the edge 
of the forest there is a special vegetation, which has a character 
distinct from either, including large quantities of Rhodomyrtus 
tomentosa and other species which are rarely found growing 
in either forest or moor. 

18. Bog Plants. — The typical bog occurs upon moors, and 
is consequently not common in India. Its vegetation consists 
of peat-forming and peat-loving plants. The distinctions 
between a marsh and a bog are fairly clear in most cases, 
though it is needless to remark that transitions from one to 
the other are not infrequently to be found. The typical 
marsh occurs on low-lying ground, its water is rich in mineral 
substances, especially in lime, and its plants grow rapidly, 
producing numerous leaves and branches each year, and may 
become either tall or short, whereas in a typical bog the plants 
are most often short, the water is poor in lime and in other 
salts, and the plants in general grow but slowly. 

The peaty soil in which bog-plants grow is not sufficiently 
aerated for the proper formation of nitrates, so that although 
such soils often appear on analysis as though they should be 
extremely fertile, very little of the material they contain is 
directly available to serve as plant food. This fact perhaps 
largely accounts for the presence of the insectivorous Droseras 
in such quantity in bogs. It also helps to explain why so 
many of the moor plants have a mycorhiza upon their roots, 
and are thus able to make use of the peaty materials by being 
partial saprophytes. 

Bog-plants have usually more or less well-developed xero- 
philous characters, due largely to the excess of peaty acid, 
which makes water absorption difficult. Mosses, especially 
the bog-mosses (Sphagnum), play an important part in the 
formation of bogs; they are specially adapted for storing 
water. The leaf consists of a single layer of cells, which are 
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of two kinds: (1) large empty water-storing cells with pores 
on the walls, (2) small green assimilating cells. Each plant 
branches and grows upwards, while the lower parts die and 
lose their green colour, but are preserved from decay by the 
absence of oxygen and the presence of the peaty acids. In 
this way great masses of peat are formed. 

19. Humus Plants. — Some of these simply prefer the 
humus as a medium on which to grow, as for example the 
most of the Rhododendrons which are so common in the hills. 
Others, however, are saprophytes, and use the humus as a 
source of food, being aided in this by the presence upon their 
roots of symbiotic fungi (mycorhiza), which play the part of 
root hairs, and, after decomposing the humus, hand over all 
or part of it in a form suitable to the plant. Such plants 
commonly have their foliage leaves reduced to mere scales 
which are not green, as in the saprophytic orchids. 

20. Sand-Plants. — These include (a) those plants which 
merely prefer a sandy soil, and (b) those of the sea coast 
(strand-plants), which have adapted themselves to the presence 
of salt. Many such plants grow equally well in ordinary soil, 
but lose certain of their characteristics, and probably would 
not survive if left open to free competition. Nearly all such 
plants have strongly xerophilous characters; for example, 
reduced leaf-surface, thick fleshy or prickly leaves and stems, 
stunted habit, thick cuticle, deeply sunk stomata, etc. 

21. Strand-Plants. — The plants belonging to this group 
have been well studied in the Tropics, where they differ 
comparatively little from one country to another, owing to 
the fact that they are often distributed by floating as seeds 
over great distances of ocean. They may be divided into 
several different associations, of which the chief are the 
mangroves, the beach-jungle, and the sand-plants, while 
there are other more special and local associations, such as 
that characterised by the stemless Nipa Palm, which may be 
well seen in parts of the Sunderbuns. 

The mangroves grow upon the muddy swampy estuaries of 
the tidal rivers, where, though the tide rises and falls, they 
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are not subject to the direct action of the waves. They grow 
as a rule only in places where the mud is left actually bare 
during a portion of the day. Although the plants comprised 
in the general term mangroves belong to several different 
families, they present many points of similarity, which may 
be regarded as adaptations to their mode of life ; most of them 
are very much isolated in their systematic position, and the 
group would consequently appear to be a very old association. 

The chief genus belonging to it is Rhizophora , the Mangrove 
par excellence, of which there are two or three species; other 
common ones are Bruguiera, also belonging to Rhizophoraceae, 
Amcennia (Verbenaceae), Aegiceras (Myrsinaceae), and Son- 
neratia (Blattiaceae). The habit of the tree or shrub man- 
groves is in general much the same; they grow' to a moderate 
height only, and develop large numbers of aerial adventitious 
roots, both “ flying buttress ” roots from the main stem and 
supporting roots from the branches, so that a mangrove 
swamp is a bewildering tangle of roots. Not only are there 
these roots growing downw r ards, but in Sonneratia, Avicennia , 
and Bruguiera there are peculiar aerating roots which rise out 
of the mud like a crop all round the plant. These roots are 
formed as branches upon the subterranean roots, are negatively 
geotropic, and show 7 a great development of aerenchyma or 
aerating tissue formed by the phellogen, not unlike the interior 
tissue of a leaf; they appear to be useful for respiration as the 
mud is very poor in oxygen, and are sometimes termed 
pneumatophores . 

The mangroves are of necessity, like other shore plants 
living where the soil contains much salt, xerophytic in their 
structure, with thick leathery leaves, thick cuticle, water- 
storing tissue in the leaves, and other features. 

A very characteristic feature of many mangroves is what 
is often called their viviparous germination. The seeds 
instead of falling into the water, wEereTheir chance of reaching 
a suitable spot without being altogether carried away would 
be small, germinate within the fruit, and produce a long stout 
radicle, which hangs down to a length of a foot. Finally the 
seedling drops, and may at once stick into the mud if the tide 
be low, but if the water be high it floats with the radicle down- 
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wards, and stands a chance of catching in a suitable crack as 
the water level falls. 

The beach -jungle stands a little way back from the sandy 
shore, but is a very characteristic formation upon tropical 
beaches, and is composed of low scrubby trees and shrubs, 
including several species of Pandavus , the Screw-pine, trees 
with large flying buttress roots, and sword-like leaves arranged 
in 1 /3 phyllotaxy, with the stem often spirally twisted, whence 
the name; Pemphis acidula , common on beaches that are 
washing away; Scaevola, Soph or a, Thespesia , and many 
others. All these again show xerophytic characters of a more 
or less pronounced kind. 

On the actual sandy beach there grows another association 
of plants, including many species, several of which have very 
striking characters. Ipomoea triloba , the Shore Convolvulus, 
has pretty purple flowers, and has long stems which creep 
over the sand and take root at the nodes, so that the plant will 
rapidly grow over and more or less bind together quite a large 
area of sand . S pin if ex squarroms , a large harsh grass, produces 
single-flowered spikelets with long spiny bracts, and massed 
together into a head, which breaks off when the fruits are 
ripe, and rolls along the beach before the wind, until it finally 
breaks up and sows the seeds. Launaea pinnatifuia, a little 
creeping Composite, rooting at the nodes, is very common, and 
there are many other plants of similar habit. 

The plants of the seashore have very often fruits or seeds 
which can be floated for long distances without injurious 
effects from the salt water. The coconut (Cocos nucifem) has 
not only a thick shell (endocarp), but also a fibrous outer 
coating, which enables it to float long distances uninjured, 
and has caused it to become one of the first colonists of new 
land (e.g. new coral reefs) in any part of the tropics, to such an 
extent that its original home is still a matter of dispute, 
though perhaps it most probably originated in the South Sea 
Islands. Pandanus , and many other plants of the beach, 
similarly have fibrous pericarpvs. 

22. Epiph ytes and C limbing Plants. — The characters of these 
groups hav6 already been considered (pp. 83, 209, 217), 
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Frequently ordinary flowering plants, possessing more or 
less well-marked xeropliytic characters and a ready method 
of seed-dispersal by wind or by birds, are found growing on 
trees in places where humus or soil of some kind accumulates. 
True epiphytes may be distinguished from these as being plants 
which regularly grow on other plants, and show more or less 
special adaptation to the epiphytic habit in the possession of 
clinging roots, etc. Epiphytic flowering plants are not 
numerous in temperate regions; their true home is in the damp 
forests of the tropics. 

In the tropics, the presence of epiphytes depends chiefly 
upon the constant dampness of the atmosphere. They are 
consequently abundant in such a place as Singapore or the 
south of Ceylon, or again in the Sikkim Himalaya, and very 
rare or non-existent in the dry plains of India. In tropical 
America it has been noticed that the epiphytes of the highest 
tops of the forest trees, i.e. those which have the greatest 
development of xerophvtic character, appear also as epiphytes 
upon the drier grassy plains in places where there are trees; 
this is less marked in India, but a few orchids may be found 
in such situations. In general, the epiphytic habit seems to 
be an expression of the struggle for light, and is consequently 
only necessary in the shady forests. 

As examples of Indian epiphytes may be mentioned numerous 
Ferns (Platy cerium, Poly podium, Drymoglossum , and Hymcno- 
phyllaceae), Mosses, Liverworts (especially Jungermanniaceae), 
and Lichens (e.g. Usnea barbata , which forms beautiful grey 
festoons in the Hiinalyan forests). Of flowering plants, 
Orchids and Aroids are among the most important epi- 
phytes. 

Climbing plants are characterised by their rapid growth, 
which enables them quickly to reach the light, by the 
feeble development of supporting or strengthening (scleren- 
ehymatous) tissue, and the great development of vascular 
tissue. Although many examples occur in temperate 
climates, climbing plants are found in the greatest pro- 
fusion in tropical forests, where, while all four types of 
climbing are well represented, hook-climbers with sensitive 
hooks, and root-climbers are specially well shown. 
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23. Arctic and Alpine Plants. — The upper regions of the 
Himalaya are so lofty that they reach well into the region in 
which the climate may be regarded as arctic — the chief 
difference is that the sun, though more powerful, docs not 
shine for so great a part of the day. The flora of both regions 
is characterised by the small size of the plants, by the dwarfing 
of shrubs and bushes, and by the relative abundance of mosses 
and lichens. The stunted growth of the plant is generally 
supposed to be due to the retarding action of light, exposure 
to wind, etc. Most of the plants also show xeropliytic adapt- 
ations in the form of crowded, narrow, fleshy or hairy leaves, 
thick cuticle, etc., for the low temperature retards root- 
absorption, while the conditions of light, low pressure, and 
high winds favour increased transpiration. Vegetative repro- 
duction is common, and many of the flowers are either wind- or 
self- pollinated. 

Some of the well-known alpine Himalayan plants are 
cushion-like species of A mlrosace and Arenaria ; Meconopsis , 
the Blue Poppy; Lconto podium alpimnn , the Edelweiss of the 
Swiss Alps; Saussurea gossypifrra and S. obvallata , the latter 
having a strong smell which is believed to hasten the symptoms 
of mountain-sickness; species of Cor yd alia , Potent ilia , Isopy- 
rum, and Primula . The upper limit of tree vegetation is 
marked by stunted bushes of Rhododendron , Jnvipcrus , and 
wild Hoses, and by Bctula bhojpatra , among others. 

A marked feature of the alpine flora, or even the floras of 
the mountain tops when these, as in the Nilgiris, do not reach 
the truly alpine region, is the presence in them of many 
endemic species, i.e. species confined to one definite locality, 
either one mountain or a group of mountains. The explana- 
tion of this fact is doubtful; it would appear perhaps most 
probable that these species were developed each in the place 
occupied by it, from some common species which ascended the 
mountains, whether in the ordinary course of migration, or 
forced upwards by the warmer climate that followed the glacial 
period, during which many genera of arctic and alpine origin 
occupied large areas in the plains. It is an interesting fact that 
the above phenomenon of endemic species is also characteristic 
of the Swiss Alps, and provides a good study in evolution. 
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24. Forest Vegetation. — In the untouched regions of the 
tropics, wherever the climate is sufficiently damp, the surface 
of the ground is covered with lofty forest, w r hose composition 
varies much from district to district. In the dampest regions, 
as in the Malay Peninsula or south Ceylon, the forest is very 
dense, whereas in the dry regions of north India the forest is 
more what would be termed a park in England, with the trees 
comparatively widely separated, so that plenty of light gets 
in between them. In the Himalayas, however, enormous 
areas are covered with a dense forest consisting principally of 
Conifers, Oak, and Rhododendron. Light is a very important 
factor in the biology of a forest, and where, as in the damp 
equatorial regions, the forest is very dense, so that under the 
trees it is comparatively dark, comes into play in a very 
marked manner. The typical shape of the trees illustrates 
this; they have no branches down below, but run up in tall 
straight boles to the average height of the forest, and branch 
out at the top. 

Climbing plants are very numerous, and grow rapidly up 
to the light, spreading out at the tops of the trees. Epiphytes 
similarly abound over the summit level of the forest, and the 
only plants to be seen in the lower parts are the shade-loving 
species, which in general belong to two classes, the smaller 
trees and shrubs, and the herbaceous plants upon the ground. 
A good many epiphytic ferns are often to be seen in these 
lower parts of the forest, but not the more xerophytic 
epiphytes, which are at the top. Proceeding further north, 
into the drier parts of the country, the forest becomes less 
dense, the xerophytic epiphytes disappear from the top and 
appear, but less commonly, on the lower parts of the trees, 
and the shade-loving plants gradually disappear altogether, 
their places being taken by grasses and other ordinary plants 
of the plains. * 

Some parts of the North-west Himalayan forest region are 
interesting in showing a well-marked altitudinal zonation of 
the trees. As we ascend from a height of about 3,000 feet we 
meet successively with different species of Conifers and Oak 
which characterise more or less well defined altitudinal belts. 
Another striking feature in the landscape is that the southern 
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slopes of the hills are generally bare of trees, while the northern 
slopes are forest-clad, the line of demarcation being often 
very sharp. 

25. Field Observations. — It cannot be too strongly insisted 
upon, that outdoor observations are absolutely essential in 
studying the distribution of plants and their adaptations to 
environment. To study Plant Ecology with success it is 
necessary to have a good general knowledge of wild flowering- 
plants, which can only be acquired by collecting and identify- 
ing, as far as possible, all the plants met with. At first 
attention may be confined to the common plants (such as are 
dealt with in Chap. XIII.), and to those which show well- 
marked adaptations to their environment, and which occur 
chiefly in sharply defined “ plant associations,” e.g. water- 
plants, heath-plants, coast-plants. 

The student cannot do better than begin field observations 
on some definite and fairly uniform area (e.g. a sea-shore; 
pond, marsh, river-bank; portion of moorland; meadow, 
cultivated field or garden with its weeds; forest, wood or 
plantation with its trees and undergrowth, etc.). Study this 
area at all times of the year, identify as many of the plants 
as possible, and keep a careful record, with sketches, of your 
observations. The following hints will suggest the main lines 
on which the inquiry should be conducted; others will occur 
as your field-work progresses. 

(1) Physical and climatic features of the area under obser- 
vation (e.g. chemical and physical nature of the soil; whether 
retentive and ill drained or porous and well drained; height 
above sea-level; exposure to, or shelter from, light and 
wind, etc.). 

(2) List of the most abundant plants in the area, with 
notes (and sketches) on the following points in each case: 
General habit and mode of life (whether annual, perennial, 
erect, creeping, climbing, xerophytic, aquatic, saprophytic, 
parasitic, etc.); size, form, texture, etc., of leaves; structure 
of flowers, with special reference to mode of pollination; 
structure of fruits, with special reference to mode of seed- 
dispersal, quantity of seed produced, etc. 

I. BOT. 
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(3) Reasons why certain species are present in the area 
under consideration and absent from neighbouring areas, and 
vice versa . To determine these, compare the physical features 
of the different areas, and try to map out the whole district 
into regions characterised by definite plant associations, which 
will of course, be found to merge into one another at their 
edges. 



CHAPTER XXII. 

EVOLUTION AND GENETICS. 

1. Genetics is the modern scientific study of Variation and 
Heredity. It has been described as the practical study of the 
Physiology of Heredity and Variation, and proceeds mainly 
by the method of experiments in the culture and breeding of 
plants and animals. Of recent years it has become more 
and more closely associated with Cytology, which has lent 
valuable aid by correlating the finer structure of the germ-cells 
with some of the observed phenomena. Besides considering 
some of these practical studies, and the bearing of the results 
obtained on the Theory of Organic Evolution, we shall also give 
some account of Biometry, that is, the statistical and mathe- 
matical study of Variation and Heredity associated with the 
names of Galton, Weldon, and Pearson. 

2. Heredity has been defined as the process or method by 
which the constitution and characteristics of organisms are 
transmitted to their offspring; or, in a more general way, as 
the genetic relation between successive generations of organ- 
isms, in virtue of which offspring tend to be more or less like 
their parents. The resemblance, however, is never complete; 
there are differences. A Theory of Heredity, i.e. a theory 
which aims at explaining the working or mechanism of 
heredity, must account for the differences as well as for the 
resemblances. 

3. Germ-Cells and Germ -Plasm. — In sexual reproduction 
two germ-cells, male and female, fuse to form a zygote from 
which a new individual is produced by a process of develop- 
ment, of the mechanism and dynamics of which, apart from 
theory, we are almost completely ignorant. It is evident that 
the transmission of characters must in some way be effected 
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by the germ-cells. Many suggestive facts have led to the 
conclusion that the bearers of the hereditary characters are 
located in the nuclei of the germ-cells and more especially in 
the chromosomes. The hypothetical substance concerned in 
the transmission constitutes the germ-plasm, “ a specific 
substance of definite chemical and molecular structure which 
is the bearer of the hereditary qualities.” A few biologists, 
however, believe that the cytoplasm of germ-cells may also 
play a part, more especially in the transmission of the more 
plastic characters. 

Most biologists now believe that the germ-plasm consists 
of representative particles or primary constituents by which 
the characters of the adult organism are largely determined; 
and Mendelians more especially hold that the characteristics 
of organisms can be analysed into definite unit characters 
represented by particles to which the names germinal factors, 
genes , determiners have been given. There has been much 
discussion as to the nature of these factors. Some hold that 
they are protoplasmic, while others have suggested that they 
may be more of the nature of substances capable of producing 
enzymes or ferments. There is also experimental evidence 
that each germ-cell has a full set of factors representative of 
the characters of an adult organism, so that the germ-plasm of 
the zygote would hold a double set. In this connection it 
should be remembered that the number of chromosomes in 
the nucleus is doubled at fertilisation. 

4. Continuity of the Germ-Plasm. — This theory, first definitely 
enunciated by Weismann, emphasises the special and, indeed, unique 
character of the germ- plasm as a substance handed down directly from 
generation to generation, for the most part independent of and isolated 
from the somatic or body-cells of the individuals in whose germ-cells it 
is found. The idea is that in the developing zygote the cells which will 
eventually produce germ-cells are kept distinct from those which go to 
form the various tissues and organs of the adult body. In other words, 
the germ-cells are not derived from body-cells, but from cells which 
have never been differentiated and whose special function is to produce 
them. It is essentially a theory of heredity and explains in a general 
way why offspring tend to resemble their parents. The germinal 
factors are handed down from generation to generation and, provided 
there is a similar development, we should expect resemblance not 
difference in the adult characters. Differences in heritable characters 
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(variations) arc duo to the fact that the germ -plasm may undergo 
modification during transmission. 

While the theory is now definitely accepted by biologists the degree 
of isolation and seclusion of the germ -(jells from external influence 
postulated by Wcismann cannot be maintained, especially in plants. 
It is important also to bear in mind that as the germ-plasm increases in 
amount and undergoes subdivision it. must necessarily be nourished, 
and therefore be subjected to metabolic influences. 

5. The Inheritance and its Expression. — While the general 
term Inheritance has been, and may be, taken as synonymous 
with the term Heredity , it is well to distinguish clearly between 
this and the inheritance or what is inherited. It is customary 
to speak of certain characters of the adult organism as inherited, 
but, strictly speaking, what is really passed on to the offspring, 
is the organised zygote, the most important part of which is 
the germ-plasm or the complex of germinal factors w T ith all its 
potentialities. The adult organism, with the sum- total of its 
characters, represents the development or expression of the 
inheritance. 

The inheritance requires for its development a suitable 
environment, and hence the characters which actually appear 
in the adult organism will depend not only on the constitution 
of the germ-plasm of the zygote, but largely also on the 
environment in which the organism develops. Those charac- 
ters, however, which appear to be determined essentially by 
factors present in the germ-plasm, and which in a normal 
environment regularly reappear in the offspring, are said to 
be inherited; they are the heritable or inborn characters of 
the organism. 

On the other hand, the power of making responses (often 
very definite and purposive) to environmental influence is a 
part of the organism’s inheritance. Characters induced in 
this way are called modifications; formerly they were called 
“ acquired characters. ” They are characters acquired during 
an individual’s life as the result of environmental influence. 
They will reappear in the offspring under the same conditions 
of environment, but are not for this reason said to be inherited, 
but simply to be reacquired. Under changed conditions they 
do not reappear. As examples may be mentioned the different 
characters developed by plants according as they are grown in 
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dry or in moist conditions, on land or in water, in snn or in 
shade, on high hills or in the low ground. In recent years the 
extent to which organisms can be modified by external 
influences has been demonstrated by many remarkable 
experiments. 

6 . Inheritance of “Acquired Characters.” — By this is 
meant, not the reappearance in the offspring of the same 
modificational characters under the same conditions of 
environment, but that a modification induced in the body of 
the parent can in some way influence the germ-plasm of the 
germ-cells and effect a change or alteration of the germinal 
factors of so definite and representative a kind that the same 
character or structure appears in the offspring even in the 
absence of the 'particular environmental conditions which induced 
it in the parent, so that its reappearance is no longer dependent 
on environmental influence, but on germinal factors which 
form part of the inherited equipment. It is known as the 
Lamarckian Factor or Principle in Evolution. 

Many biologists, more especially in France and America, 
regard it as an important factor, although they do not accept 
the principle in its original crude form (enunciated by Lamarck 
in 1809); they believe that the modifications, affecting the 
metabolism of the organism, may by repeated impress in 
successive generations bring about, possibly by the action of 
ferments or other substances, first an alteration of a definite 
kind in the cytoplasm of the germ-cells, and ultimately a 
representative change in the germ-plasm located in the nuclei. 
There is, however, no generally accepted evidence in favour 
of it, and, indeed, it is very difficult to conceive or picture any 
mechanism whereby representative changes of such a kind 
could be produced in the germ-cells. Many biologists, there- 
fore, repudiate it altogether, while others, who would otherwise 
be ready to welcome it as an additional factor in evolution, 
prefer to suspend judgment and regard the matter as unproved. 

This question, however, must not be confused with the 
question as to the possibility of environmental influences 
directly or indirectly affecting the germ-cells and producing 
germinal changes, not representative of any somatic modifi- 
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cation, which lead to variation. There is some evidence that 
germinal variations may be caused in this way. 

7. Variation. — Differences in character between offspring 
and their parents, or between the individuals of a family or 
species, which are due to changes or modifications in the 
germ-plasm, arc called Variations. There are many different 
kinds of variation, but they may be included under two main 
forms known as Continuous and Discontinuous. These were 
clearly distinguished towards the close of last century by 
certain biologists (Bateson, Hugo de Vries, and others) who 
had become impressed by the importance of Discontinuous 
Variations and the necessity for the more scientific study of 
variation and heredity. 

Continuous Variations with regard to any character are those 
deviations from the specific or racial mean affecting all the 
members of a species or race in different degree, so that, as 
exhibited in a large number of individuals, they can be 
arranged in a continuous series with imperceptible gradations 
between two extreme values. The meaning of this will 
become clear in what follows. It was on small individual 
variations of this kind that Darwin mainly relied in his Theory 
of Evolution (see Chap. XVII.). 

Discontinuous Variations are more or less sharply marked, 
abrupt, or sudden deviations from the type of the species or 
race, with regard to one or more characters, which are exhibited 
by one or more individuals, but are not connected by inter- 
mediate steps with the mean or type of the species. These 
are the variations to the very marked or extreme forms of 
which the names “ sports,” “ breaks,” “ monstrosities,” have 
been applied. They may all be included under the general 
term mutations. The individual showing the mutation is now 
called a mutant , and the germinal change which determines 
the mutation is called a premutation. 

Examples of mutation in plants are found in the sudden appearance 
of forms with cut or laciniated leaves or petals, of double flowers, of 
differently coloured flowers, of dwarf forms, of weeping varieties of 
trees, of red-leaved forms, or hairless varieties. It is believed also that 
many at least of our varieties of cultivated plants have arisen in this way. 
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The recognition of the importance and frequent occurrence 
of discontinuous variations was chiefly due to Bateson. Hugo 
de Vries of Amsterdam carried out a large amount of work 
on the experimental side. He cultivated thousands of seed- 
lings of different plants in the hope of recognising such 
variations. He succeeded in finding a plant, Oenothera 
Lamarckiana, which was producing numerous mutations and 
some at least of the mutants bred true. He had, in fact, 
found a plant which seemed to be throwing off new species by 
mutation. 

There was thus a presumption that the characters which 
distinguish natural species had originated in the same way, 
and the impression that mutations were variations of the 
utmost importance in evolution gained ground. This view 
was strengthened by the discovery of Mendel’s work in 1900 
(see § 17), for the Mendelian unit characters appeared to be of 
the same nature as the characters distinguishing species and 
they were shown to be subject to perfectly definite laws of 
inheritance. 

8. The Mutation Theory. — The doctrine of the origin of 
new species by mutation was definitely enunciated in the 
Mutation Theory of de Vries (1901-3). According to this 
theory mutations are the variations of real importance in 
evolution; new species arise, not by the continuous action of 
natural selection on small individual variations, but at one 
step by abrupt or sharply marked mutations. 


9. Modes of Inheritance. — It has been customary to recognise 
different ways in which characters may be inherited. In (1) Blended 
Inheritance the offspring, with regard to one or more characters, is 
intermediate between the two parents; the parental characters are 
blended in the offspring. The blend may be an intimate one, or the 
character of one parent may be more or less prepotent, so that there is 
stronger resemblance to that parent. There is (2) Exclusive Inheritance 
when the character of one parent is absolutely prepotent and the offspring 
therefore resembles that parent only with regard to the character 
considered. In (3) Particulate Inheritance the offspring shows the 
paternal character in one part and the maternal in another. Instead 
of a blend there is, as it were, a coarse mixture. For example, while 
one parent may be hairy and the other glabrous, the offspring may be 
hairy in one part and glabrous in another. In (4) Alternative Inheritance 
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some of the offspring show the paternal character and others the 
maternal. In this case the paternal and maternal characters appear to 
depend on germinal factors inherited as distinct units, there is no 
blending. (5) Reversion , when the offspring show a character possessed 
not by the parents, but by some more or less remote ancestor. 

Although many biologists have maintained that Mendelian principles 
could only apply to Alternative Inheritance and certain cases of 
Exclusive Inheritance, it now seems probable that they are capable of 
explaining all these different forms or modes of inheritance. 

10 . Biometrical Study of Variation. — This has been applied 
to continuous variation in respect of such characters as lend 
themselves to measurement or to counting. In the simplest 
cases the method consists in the measurement or counting of 
a character in a large number of individuals. All the measure- 
ments or counts (called variates) are arranged in groups or 
classes , the measurement or count in each class being the 
same, and the number of individual measurements or counts 
in each class (i.e. the number of variates in each class) is 
called the frequency of that particular measurement or count. 
A graph may be drawn in the usual way showing the relation 
between the measurements or counts and the frequencies. 

Example. — The length of the lowest fruit in 568 plants of 
Oenothera biennis was measured. The results were: — 
Length of Fruit in mm. ... 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 

Frequency 1, 1, 5, 11, 17, 27, 37, 62, 74, 83, 

Length of Fruit in mm. ... 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 

Frequency 79, 51, 43, 32, 18, 13, 5, 5, 3, 1. 

Here there are 568 variates arranged in 20 classes. In 
the graph (Fig. 372) the longest ordinate (the mode) indicates 
the measurement of greatest frequency — that is, in this case, 
the length of fruit most frequently found (approx. 24-2 mm.). 
This is known as the modal value. The frequency gets less 
and less the greater the deviation (+ or — ) from the modal 
value. 

The more numerous the variates and the classes in which 
they are grouped (depending on the unit of measurement 
employed), the more definite does the curve appear and the 
more nearly, as a rule, does it approximate to an ideal curve 
called the normal curve of variability (Fig. 372). In this case 
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the modal value would coincide with the mean or average 
of all the measurements. When the variation is of this type 
it is called normal variation. In our example the mean or 
average is nearly 24-2 mm., and this agrees closely with the 
modal value. 



Fig. 372. 

The points indicate the actual frequencies obtained ; the curve as drawn amongst 
the points may be taken to represent approximately the normal curve of variability. 

The form of the curve will indicate the nature of the variation. If 
there is a wide range of variation the curve will tend to be wide; if 
there is a narrow range, the curve (with equivalent scale of representa- 
tion) will be narrow and steep. It is possible also, in each case, to 
calculate a quantity or number (represented by cr) called the standard 
deviation which will indicate or represent the variability or amount of 
variation with regard to the character considered. It is calculated as 
follows; Square the deviation (whether -f or — ) of each class from the 
mean or modal value; multiply each square by the corresponding 
frequency; add products; divide sum by total number of variates; 
take the square root; (multiply by the number of units in the class 
range if it is not unity). For our example the standard deviation is 3*2. 
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It is also possible to determine a quantity or number, called the 
coefficient of variation, which enables a comparison to be made of the 
variability of different characters in the same plant or in different 
plants, although different units of measurement may have to be 
employed. The coefficient of variation is simply the standard deviation 
expressed as a percentage of the mean or modal value. In our example 
it is 13*2. 

The same kind of curve is obtained if, say, 8 pennies are 
tossed up 256 times, the tosses arranged in classes according 
to the number of heads (or the various combinations of heads 
and tails) which turn up, the frequencies noted, and the 
results plotted. The probable frequencies of the various 
combinations can be arrived at mathematically by expanding 
(1 + l) 8 . They are 1, 8, 28, 50, 70, 56, 28, 8, 1, i.e . 8 heads 
(0 tails) once, 7 heads (1 tail) 8 times, 6 heads (2 tails) 28 times, 
and so on. Actual experiments agree pretty closely with 
these probable results. Data for other cases can be calculated 
by expanding (1 + l) n , giving n different values: n will 
represent the number of coins and 2 n will be the number of 
throws. The ideal curve to which such curves approximate 
is the Curve of Probability or the Normal Curve of Frequency. 

Such curves, obtained experimentally, are simply the 
expression of probable results or happenings depending on 
such a large number of small independent causes that we 
usually say they are due to chance — they follow the laws of 
chance. Usually the causes will act equally in the two 
directions, and hence the frequency will be greatest for equal 
numbers of heads and tails; the extreme results (all heads or 
all tails) are due to all the causes happening to act in one 
direction only. So with normal variability. The question, 
however, arises as to whether the causes to which it is due are 
germinal in nature or environmental. Darwinians would say 
that they are, largely at any rate, germinal ; mutationists, on 
the other hand, maintain that they are mainly environmental 
(see § 15). 

The variability curve obtained may not be quite symmetrical about 
the modal ordinate. In this case it is said to be skew , and the modal 
value will depart more or less widely from the mean or average of the 
measurements. The amount of skewness varies. In extreme cases the 
curve may bo all on one side of the longest ordinate. As an example 
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plot the curve expressing the variation in the number of petals in the 
Buttercup. 

Number of petals ... 5, 6, 7, 8, 9, 10, 11. 

Frequency 133, 55, 23, 7, 2, 2, 0. 

It has been shown that these asymmetrical or skew curves also in 
many cases correspond or can be fitted to theoretical mathematical 
curves. 

Bioractricians maintain that by statistical study, repeated at intervals 
on different generations, of the variability in a population (ix. any 
assemblage of organisms of the same species in a particular area) it is 
possible to determine, by observation of the differences that have 
occurred, whether natural selection has been acting and, if so, in what 
particular direction. In this connection it should be noted that occasion- 
ally graphs with two (or more) humps, more or less distinct, ix. with 
two (or more) frequency maxima, are obtained. Darwinians would say 
that here we have evidence of the separation of the species, owing to 
natural selection, into two (or more) varieties or species. On the other 
hand, mutationists would hold simply that there has been sharply 
marked discontinuous variation or mutation with continuous variation 
about each type. 

In our example a single measurement of a character was made on 
each individual. In studying variation in a population or species, 
however, a number of measurements in each individual may be made. 
For example, in studying the variation in the number of lateral veins 
in Beech leaves, the number of veins might be counted in, say, 20 leaves 
from each of 100 Beech trees. On the other hand, the variation in the 
development of a character in a single individual may be studied, as, 
for example, when the lateral veins in a large number of leaves from the 
same Beech tree are counted, or separate weighings are made of a large 
number of seeds from the same plant. In this case it would be found 
that there was a modal or mean value for the individual different from 
that for the population or species. Each individual would show a 
distinct type. 

11. Biometric Study of Heredity. — Similar statistical and 
mathematical methods as for continuous variation have been 
employed. In the simplest case they are applied to blended 
inheritance and to characters which show normal variation 
in parents and offspring. It will be sufficient to describe 
briefly the two main results arrived at. They are the Law of 
Filial Regression and the Law of Ancestral Heredity (or Law 
of Ancestral Inheritance). 

12. Law of Filial Regression. — Suppose that in a population 
the modal value of a certain character which shows normal 
variation is M and that a large number of individuals in which 
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the development of the character is represented by M + h 
(the deviation from the modal value being + h) are selected 
as parents, and the variation of the same character in the 
offspring is studied in the usual way, then it is found that the 
modal value of the character in the offspring is intermediate 
between M and M -(- h ; in other words, there has been partial 
regression to the mean or mode of the general population. 
Similarly, where the deviation of the parents is — h the modal 
value of the character in the offspring lies between M — h 
and M; again, there is partial regression to the mean or mode 
of the genera] population. This would be found to hold good 
generally from whatever class of variants the parents were 
selected. 

The Law of Filial Regression is simply that the deviation 
of offspring from the specific type or from the mean of the 
general population is on the average less than that of their 
parents. It is the law which expresses the tendency of 
offspring to keep up the specific average. The explanation 
which is given of this by biometricians is that the inherited 
characters of offspring are derived not merely from parents 
but from a long line of ancestors, and “ the mean of that 
ancestry is probably not far from that of the general popula- 
tion.” This explanation will be considered later (§§ 13, 15). 

13. Law of Ancestral Heredity.— There is regression because 
the inheritance of parental characters is not complete. If 
there were complete regression the inheritance from parents 
would be nil ; if the modal value of the character in the offspring 
were equal to the value of the character in the parents there 
would be complete inheritance which would be represented by 
unity. The ratio between the modal deviation of the offspring 
from the mean of the general population and the deviation of 
the parents from the general mean, might be taken to repre- 
sent the degree of hereditary resemblances between offspring 
and parents. The offspring of all classes of variants might 
be considered in the same way. 

Now, when this is done, it has been found possible to arrive 
at a general ratio which will represent the average degree of 
hereditary resemblance between parents and offspring for any 
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particular character, and this, it is maintained , may be taken 
to represent the intensity of inheritance, or the amount of the 
inheritance derived from the parents. This ratio is called the 
Coefficient of Heredity , or the Coefficient of Correlation between 
offspring and parents. Similarly, without specifying certain 
refinements in method, it is possible to arrive at ratios which 
will represent the amount of hereditary resemblance to, and 
hence (so it is said) the amount of the inheritance derived 
from, the various ancestors. 

By such methods Gal ton arrived at his “ Law of Ancestral 
Heredity/ ’ According to this law the average contributions 
to the inheritance or to the heritable characters of an individual 
by the two parents, the four grandparents, the eight great- 
grandparents, etc., can be represented by definite fractions 
forming a geometric series, namely, -5, *25, *125, etc., the sum 
of the series being, of course, unity, representing the whole 
inheritance. Pearson modified Gabon’s fractions and gave a 
more rapidly diminishing series *624, *199, -063, etc. 

The law is to be regarded as a general statement of what 
happens on the average when inheritance in a population is 
considered. As Pearson has said the Law of Ancestral 
Heredity “predicts the probable character of the individual 
produced by a given ancestry or, again, “ Of the individual 
we can assert nothing as certain, only state the probable; . . . 
all we know in heredity (from the biometric point of view) is 
what degree of resemblance there is on the average.” Men- 
delian experiment also clearly shows that this is the only 
possible way of interpreting the law by proving that in certain 
cases an ancestor may contribute nothing to the inheritance. 

We shall refer to the law again (§§ 15, 21), but meanwhile 
it may be remarked that the average degree of resemblance 
between individuals and their various ancestors, as measured 
by the Coefficients of Correlation, is taken as a measure of the 
amount contributed by the various ancestors to the inheri- 
tance. It is open to question whether this interpretation is 
valid and whether the idea of inheritance involved in all this 
is the same as is expressed in § 5. Further, according to 
Mendelian theory each germ-cell contains only one complete 
set of factors representative of the characters of an adult 
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organism and the zygote therefore a double set. On this view 
it is difficult to see exactly what is meant by contributions to 
the inheritance from the various ancestors. 

14. Effect of Selection. — Assuming the truth of the Law of Ancestral 
Heredity for blended inheritance and for characters showing normal 
variability, Pearson calculated in a particular case that, if individuals, 
showing with regard to the character studied a deviation h from the 
mean of the population, be selected as parents in successive generations , 
the result of selection would be the development in the offspring on the 
average of *62 h in the first generation, -82 h in the second, *89/i in the 
third, and, after a few generations, over -90 h, i.e. after a number of 
generations selection will result in the development of the character to 
over 90 per cent, of the value selected: but further selection -will have 
little or no effect, and if, at any stage, selection be stopped and the stock 
inbred, then the offspring will regress to the general mean of the original 
population. 


15. Johannsen’s Pure Line Theory (1903). — Johannsen, 
Professor of Botany at Copenhagen, experimented with 
Kidney Beans and other plants, and arrived at conclusions 
which have an important bearing on questions of variation 
and heredity. He defined a pure line as consisting of all the 
descendants of a single individual by continued self-fertilisa- 
tion. This means that the offspring in each generation have 
one parent only, and there is no mixing of different germ- 
plasms from two parents. 

He took a number of seeds from 19 Bean plants. With 
regard to seed weight they showed normal variability, and he 
determined the mean or average seed weight of the population. 
He sowed the different lots separately and thus separated the 
population into 19 pure lines. He found in each pure line 
that, while there was nearly normal variability of wide range, 
there was a distinctive mean weight of seed. 

Further, on arranging seeds of any one of the pure lines in 
classes according to weight, sowing these separately, and 
determining the mean weight of seeds produced by each set 
of offspring, he found in all cases that it approximated to the 
mean seed weight of the pure line from which the classes of 
seeds were taken. This means that the variation in seed 
weight within each pure line had not been inherited; within 
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a pure line selection has no effect. The explanation of this 
would seem to be that the normal variations in a pure line 
are really not variations at all in the sense of being due to 
germinal changes, but are of the nature of modifications due 
to environmental influences. The same explanation would 
be given of the normal 44 variation ” in the development of a 
single character in one individual, e.g. seed weight, number of 
lateral veins in the leaves, etc. It is to 44 variations ” of this 
kind that the term 44 fluctuations ” is more strictly applied. 

Johannsen found, however, that in a population, which may 
be regarded as consisting of a large number of pure lines of 
different type, selection was effective up to a certain point. 
This agrees with Pearson’s calculation (p. 591). The explana- 
tion here would seem to be that selection results in the 
separation of the pure line which, with respect to the character 
selected, shows greatest deviation from the mean of the 
population. It is believed that the pure lines of different 
type in a population or species have originated as small 
mutations, and, after the limit is reached, selection will only 
be effective provided there is further mutation. There is 
some evidence that these small mutations in their inheritance 
on crossing follow the law of Mendel. 

It would seem, therefore, that the continuous variation 
shown by a population or species is made up of two distinct 
parts — small mutations on the one hand, and, on the other, 
about each mutation, fluctuations of the nature of environ- 
mental modification, the fluctuations about all the mutations 
overlapping and thus producing a continuous normal curve. 
This conception of continuous variation in a population, in 
which the pure lines are constantly being intermixed by 
crossing, would seem to be adequate to account for the facts 
of regression and inheritance in such a population without 
having recourse to the conception of ancestral contributions to 
the inheritance. 

16. Hybridisation. — Experiments in hybridisation, more 
especially with forms not too widely different from each other, 
would seem to offer the best hope of solving the problems of 
heredity and variation. The term hybrid is now commonly 
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applied to the offspring of two individuals which differ more 
or hiss distinctly from each other in one or more characters. 
This indeed was its original significance, although afterwards 
it came to be restricted to the offspring produced by the 
crossing of individuals of distinct species. Cases are now 
known of hybrids produced by crossing distinct genera. 

In the process of hybridisation in Flowering Plants the 
young undeveloped anthers are removed by means of forceps 
from one or more flowers of one plant A, and the stigmas, 
when they are mature, are touched by an anther transferred 
to them, by means of forceps, from the other plant B. The 
flowers to be pollinated must, of course, be protected from 
access of other pollen, e.g. by parchment bags, and other 
precautions must be taken. With a few exceptions apparently, 
it makes no difference whether A pollinates B or B pollinates 
A. The hybrid embryos are in the seeds produced in the 
ovaries of the flowers artificially pollinated. 

The results obtained by the many hybridists before Darwin’s 
Origin of Species appeared were very conflicting, and contributed 
little of any value to the elucidation of the problems of heredity 
and variation. The hybrids might be more or less distinctly 
intermediate in character between the parents, or they might 
resemble one parent in some characters, and the other parent 
in others, and so on. The offspring of hybrid plants in 
succeeding generations often showed an extraordinary variety 
of forms, and hence it was usually believed that hybridisation 
gave rise to great variability. In many cases it was foimd 
that the hybrids showed a distinct increase in vigour as 
compared with the parental forms; the explanation of this 
has not yet been satisfactorily found. Finally, hybrids 
produced by crossing distinct species were usually more or 
less sterile. Mendel found the true method of experiment, 
but his work was lost sight of for 35 years. 

17. Mendel and His Work. — Gregor Johann Mendel (1822- 
1884) was a monk in the Monastery of Briinn in Bohemia; 
he became Abbot in 1868. His most important experiments 
were made in the garden of the monastery from 1857 to 1865. 
The results were communicated to the Natural History 
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Society of Brunn in 1865, and published in the Proceedings 
in 18GG. In 1900 they were rediscovered independently by 
three botanists — Hugo de Vries, Tschermak, and Correns — 
and in the search to find if anything of the kind had been 
done before, Mendel’s paper came to light. 

Mendel’s methods and experiments provided the sure 
foundation for genetic research. He used certain varieties of 
Pea, mostly of the Edible Pea (Pisum sativum). His success 
was largely due to his attending to the following points: 
(a) he was careful to work with pure homogeneous material — 
the varieties of Pea were pure or bred true; (b) he considered 
each character separately; (c) lie recorded the offspring of 
each individual separately; ( d ) he kept records up to at least 
the third generation. The advantages of using varieties of 
Pea for experiment were that they showed constant, readily 
recognisable differentiating characters, the flowers were 
regularly self-pollinated and the hybrids perfectly fertile. 

Mendel fixed on a number of pairs of differentiating charac- 
ters by which his varieties of Pea were distinguished — yellow 
or green cotyledons, smooth or wrinkled seeds, tall or dwarf 
habit (long or short stems), etc. He considered each pair 
separately. 

He crossed a pure tall variety with a pure dwarf variety, 
and found that all the hybrid offspring , constituting what is 
now called the first filial generation, F t , were tall , and thus 
resembled the tall parent. The tall character, or character of 
tallness, therefore, he called the dominant character. He 
allowed these tall hybrid plants to fertilise themselves, and 
kept careful record of all the offspring, constituting what is 
now called the second filial generation, P 2 . He found they 
consisted of tails and dwarfs in the ratio 3 : 1 (actual numbers 
obtained were 787 : 277). 

The character of dwarf ness, therefore, had simply been 
latent or unexpressed in the first or hybrid generation ; Mendel 
called it the recessive character. He found that if these dwarf 
plants, forming one-quarter of the second generation, were 
allowed to fertilise themselves they produced nothing but 
dwarfs, i.e. they bred true and were pure for the dwarf 
character {pure recessives). When, however, the tall plants 
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of the second generation were allowed to fertilise themselves, 
he found that while one-third of them (constituting one- 
quarter of the whole second generation) produced tall offspring 
only and were pure dominants , the remaining two-thirds 
(constituting one-half of the whole second generation) were 
impure dominants or hybrids, resembling the hybrid plants 
of the first generation, and, like them, producing tall and 
dwarf offspring in the ratio 3:1. Thus, in the second 
generation F 2 , pure dominants , hybrids (or impure dominants), 
and pure recessives are found in the ratio 1:2:1. 

This can be graphically represented as in Fig. 373. The 
crossing of the two forms is represented by D X R; the 
successive filial generations by Fj, F 2 , etc.; the dominant 
character by D, and the recessive by R; a pure dominant by 
DD, a pure recessive by RR, and an impure dominant or 
hybrid by D(R). 


IDD 

DD 

DD 



1DD 


2WR) 


IRR 


DD IDD 2DIR) IRR RR 

Fig. 373. 


IRR 

RR 


RR 


Ft 


Ft 


F3 


Fx 


The most remarkable feature is the segregation or separating 
out, in definite ratio, of pure types from hybrid in the second 
and succeeding generations. The explanation of this was also 
given by Mendel. It was that the germ-cells (pollen grains 
and egg-cells, according to Mendel) produced by the hybrids 
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were separated off or segregated into two equal groups, half 
of the male and female cells bearing the dominant character 
(or, rather, as we would now say, the dominant factor), and 
the other half bearing the recessive factor. 

It is evident that in self-fertilisation the chances of a 
dominant or a recessive cell meeting with a dominant or 
recessive 9 cell are equal, and the 
possible combinations in the zygote 
are thus, as indicated by the arrows 
in Fig. 374, DD, DR, RD, RR, i.e. 
DD, 2DR, RR, which agrees with the 
experimental result. If we represent 
dominant and recessive factors by A 
and a respectively, then the expansion 
of (A- 1 -«) (A + g ), i^. AA + 2Aa + aa , 
gives the distribution of pure and hybrid offspring in the 
second generation. 

It is worth noting that if the experiment "were continued for a number 
of generations and all the self-fertilised individuals were equally fertile 
(suppose each produced, say, four offspring) the number of hybrid forms 
in comparison with the number of pure forms would become less and less. 
It can easily be calculated that in the 10th inbred generation (11th filial 
generation) the ratio would be pure dominants : hybrids : pure reces- 
sives = 1023: 2: 1023. In the nth inbred generation the ratio would be 
2" - 1 : 2 : 2" - 1. 

Mendel’s theory can be verified by crossing hybrids with pure domi- 
nants. If there are produced by the hybrids equal numbers of germ -cells 
containing the factors 1) and It, while in the pure dominants all the 
germ-cells have the factor I), then the chances of dominant germ-cells 
meeting with dominant or with recessive germ -cells are equal, and the 
result should be equal numbers of pure and impure dominants in the 
offspring. This is found to be the case. Similarly, on crossing hybrids 
with pure rccessives there are impure dominants and pure recessives in 
equal numbers. 

The chief results of Mendel’s work may be stated thus: 

(a) The idea or conception of pairs of alternative unit 
characters represented by factors in the germ-cells. 

They are called unit characters because they (or, rather, the 
factors representing them) are inherited as units, i.e. they are 
either inherited or not inherited, they cannot be partly inherited. 

(b) The idea of dominant and recessive characters. D X R 
'gives D(R,. This has sometimes been called the Law of 



Fig. 374. 
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Dominance, but, strictly speaking, there is no such law. 
Many cases are now known where the hybrid offspring has a 
character more or less intermediate between the two differen- 
tiating characters of the parents (for explanation see § 20). 
In this case the two pure forms and the ratio 1:2:1 are 
distinctly recognisable in the second generation F 2 . 

(c) The separation or splitting olf of pure forms from 
hybrids in the second and succeeding generations. 

(d) The segregation of factors in the germ-cells. This is 
the essential part of what is called Mendel’s Law. 

18. Allelomorphs, etc. — The pairs of differentiating charac- 
ters are now called allelomorphs , of which one in each pair 
may be dominant, the other recessive. If the dominant and 
recessive factors in the germ-cells are represented by A and a 
(or B and h , C and c, etc.) respectively, then the germ-plasm 
of the zygote and body-cells of a pure dominant will 
contain the two factors AA, that of a pure recessive aa , 
that of a hybrid Aa. It is only in the germ-plasm of the 
zygote and body-cells of the hybrid that the two factors 
A and a are associated. The meaning of the term zygote is 
extended from the cell resulting from fertilisation to include the 
organism developed from it. Pure dominants and rccessives, 
therefore, arc called homozygotes (represented by AA and aa), 
while a hybrid is called a heterozygote (represented by Aa). 

The pure dominant is said to be homozygous for the character 
represented by A, the pure recessive homozygous for the 
character represented by a. Each germ-cell of a pure 
dominant receives a single factor A; of a pure recessive a 
single factor a; but in a hybrid the factors A and a are 
separated and pass into different germ L cells. This is in 
agreement with the cytologically observed fact of the reduc- 
tion of the chromosomes in the formation (in the higher 
plants) of the spores from which the $ and $ cells arc 
derived. It has to be carefully observed that germ-cells are 
always pure — they never contain both factors of a pair. 

19. Di-hybrid Crosses. — Mendel also carried out an experi- 
ment with two pairs of differentiating characters. He crossed 
a variety of Pea with yellow cotyledons and round seeds (both 
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dominant characters) and one with green cotyledons and 
wrinkled seeds (both recessive characters). He found that with 
regard to inheritance these pairs of characters were independent 
of each other. The seeds obtained w T ere all yellow and round, 
and, therefore, since these characters defend 071 the characters of 
the hybrid embryos in the seeds , we inay say that the hybrids 
showed both dominant characters. The seeds obtained from 
the self-fertilised hybrid plants belonged to four types: 
(a) yellow and round, (b) yellow and wrinkled, (c) round and 
green, (d) wrinkled and green, in the ratio, approximately, 
9:3:3: 1 — the actual numbers were 315 : 101 : 108 : 32. 
The groups, however, are not homogeneous, as Mendel showed 
by continuing the experiment to the next generation. The 
results arrived at are best displayed by a theoretical explana- 
tion; theory and experiment are in close accord. 

If we represent the two pure forms crossed by AABB and 
aabb (A yellow, B round, a green, b wrinkled — or we might 
use the letters Y, R, g , w), the offspring forming the first or 
hybrid generation F 2 will be represented by AaBfc (Y^Rw) 
and show both dominant characters. The hybrid germ-cells 
on segregation will be in equal numbers of the four types AB, 
A by aB, ab (these are all the possible combinations of the 
factors — A a and B6 will not occur). In fertilisation any one 
of four male cells of these types will fuse with any one of four 
corresponding female cells, and hence there will be 1 6 possible 
combinations, some, however, being identical. These com- 
binations are quite easily worked out; they are also given by 
expanding (AA + 2Aa + aa) x (BB + 2B6 + bb). They 
are : — 


0 AB 

TJ Ab 

1 oB 

E 

S ab 


POLLEN. 

AB Ab aB ab 


AB AB 

AB Ab 

AB aB 

AB ab 

A6 AB 

Ab Ab 

Ab aB 

Ab ab 

aB AB 

aB Ab 

aB aB j 

aB ab 

ab AB 

ab Ab 

ab aB 

ab ab 
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These sixteen combinations may be grouped together as 
follows : — 


(1) 1 AA BB — homozygous for both A and IP 

(pure type) 

(2) 2 AA B/> — homozygous for A only 

(3) 2 Art BB — homozygous for B only 

(4) 4 Art B/v— heterozygous for both characters 

(5) I AA bb — homozygous for both A and b"' 

(pure type) 

(6) 2 A a bb — homozygous for b only 


these 9 forms 
have both A 
and B — hence 
all yellow and 
round. 

these 3 have A 
and bb — hence 
all yellow and 
wrinkled. 


(7) 1 aa BB — homozygous for both a and B*1 

(pure type) 

(8) 2 aa B b — homozygous for a only i 


these 3 have B 
and aa — hence 
all round and 
green. 


(9) 1 aa bb — homozygous for both a and b 
(pure type) 


| 1 wrinkled and 
I green. 


The table clearly shows what types are included in the 
groups forming the 9 : 3 : 3 : 1 ratio of the second genera- 
tion. The following points should be carefully noted: 
(1) How complicated is the experimental work in connection 
with even two pairs of characters: (2) only four in 16 offspring 
are homozygous or pure for two characters; the others are 
heterozygous with respect to, at least, one pair of characters, 
and there will therefore be further segregation in succeeding 
generations: (3) in addition to the two pure parental types, 
two other pure types, AA bb and aaBB, representing new 
combinations of the characters, separate out; it is believed 
that this indicates one way in which new varieties or species 
may arise; it is also of great practical importance; for example, 
by crossing two varieties of wheat, each of which possesses a 
good quality and a bad quality, it is possible by recombination 
to produce a variety possessing the two good qualities without 
the bad. In this way Professor Biffen crossed tall wheat, 
producing a heavy yield of grain, but liable to rust-fungus, 
with low-yielding wheat which was immune from the attack 
of the fungus, and bred out a wheat which produced a good 
yield, and yet was immune from the fungus. 
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20. Recent Work. — Mendel’s Law has now been found to 
hold good in so many cases formerly regarded as obscure or 
as inexplicable by it that many now regard it as a principle 
of general application to inheritance in ail cases of sexual 
reproduction, and believe that in conjunction with environ- 
mental modification it is sufficient to explain the various 
“modes of inheritance.” 

Mendelian theory, however, has been considerably expanded 
and modified in recent years. It was originally believed that 
dominant and recessive characters were both represented by 
definite factors in the germ-plasm, and some still hold this 
view. There are, however, strong reasons for believing that 
there is only one factor involved in each pair of differentiating 
unit characters, and that the dominant and recessive charac- 
ters are determined by the presence and absence respectively 
of the factor. This would give a complete explanation of why 
we never find A and a in the same germ-cell. In accordance 
with this view certain terms have been applied to the hybrid 
and the two pure types. The pure dominant with a double 
dose of the factor (AA) is called duplex ; the hybrid with a 
single dose (A a) simplex ; and the pure recessive in which the 
factor is altogether wanting (aa) nulliplex. A single dose of 
the factor may be sufficient to determine the full expression 
or development of the dominant character, and in this case 
the hybrid will, with respect to the character, resemble the 
pure dominant parent; but, if not, the hybrid offspring will 
be more or less intermediate. 

It is now known in certain cases that a character may 
depend not on a single factor, but on two, three, or more 
factors. Indeed, it has even been maintained recently that 
most characters depend on a large number of factors and that 
dependence on one factor is exceptional. It wall be evident, 
from what has been said, that the investigation or analysis of 
such cases presents great difficulty and, if many factors be 
involved, may be well-nigh impossible. 

Another phenomenon is that of linkage or gametic coupling, 
in which two characters are always associated owing to the 
fact apparently that the factors on which they depend are in 
the same chromosome and appear to be linked together in 
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some way. It has been found also that there appear to be 
certain factors which prevent or tend to prevent the develop- 
ment or expression of certain other factors, and hence are 
called limiting, inhibiting, or lethal factors. The non-develop- 
ment of fertile pollen in some hybrids, for example, has been 
ascribed to the presence of a lethal factor. 

Certain cases of reversion on crossing have now been 
explained on Mendelian principles. A character present in 
(in ancestor and depending on the presence of two comple- 
mentary factors would be lost if, in the course of descent, the 
factors were separated, but would reappear if the two 
factors happened on crossing to be brought together again. 
Some cases of reversion, however, are due simply to the 
expression of a recessive character which has long been 
latent. 

21. Mendelism and Biometry. — It has been said that, while formerly 
it was necessary for Mendelism to reconcile its results with those of 
Biometry, now it is necessary for Biometry to reconcile its results with 
those of Mendelism. There is general agreement on one point at least. 
Biometry does not in any way give a physiological explanation of 
inheritance such as Mendelism gives — it gives no information on the 
mechanism of heredity. Its main results are generalisations based on 
statistical data. It is often said that while Mendelism endeavours to 
arrive at a correct knowledge of the germinal constitution of individuals 
and hence to predict the characters of their offspring. Biometry gives 
an estimate of the probable character of an individual from a knowledge 
of his ancestors. 

Many are agreed that when a Mendtdian result can be obtained it is 
much to be preferred to a biometrical one, but point out that in cases 
where characters depend on many factors, rendering a Mendolian 
analysis practically impossible, a biometrical result would have a 
distinct value. Others would maintain that, inasmuch as Biometry, 
making no distinction between environmental fluctuations and varia- 
tions, is not sufficiently critical of its data, and has, moreover, a concep- 
tion of inheritance at variance with that of Mendelism, it is unscientific 
and its results are biologically valueless. 


22. The Lamarckian Factor in Evolution. — The modern 
form of Lamarckism, accepted by some biologists (Neo- 
Lamarckians) as an important subsidiary factor in Evolution, 
has already been indicated (§ 6). It is contended that the 
Lamarckian Factor, if accepted, would provide a much 
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better explanation of certain phenomena and of the evolution 
of certain classes of characters and structures than either the 
Darwinian Theory or the Mutation Theory: further, that the 
study of Palaeontology (including Palaeobotany) shows 
apparently that Evolution has occurred largely, not by the 
development of anything really new, but by the modification 
and adaptation of existing structures, and that this is in 
harmony with the Lamarckian Principle. 

23. The Darwinian Theory (1859). — Darwin gave some 
consideration to the “ single variations ” (now included in 
Mutations) which sometimes occur, but considered that they 
were of little importance in evolution as they occurred so 
seldom and would be immediately swamped by inter-crossing 
with the parent forms. He also accepted to some extent 
Lamarck’s Principle as a subsidiary factor. But he relied 
mainly on the continuous selection of small individual 
variations (see Chap. XVII.). The Neo- Darwinians (includ- 
ing Wallace and Weismann) repudiated the Lamarckian 
factor altogether and laid down Natural Selection as the all- 
sufficient factor. 

Of course, Natural Selection can only act on variations 
that appear; variation and heredity are the two conditions 
of Evolution. But the Neo-Darwinians believed the action 
of Natural Selection to be cumulative and that the offspring 
of selected individuals tended to vary in the same direction , so 
that the varying character was gradually strengthened and 
intensified. There was thus a tendency to magnify the role 
of Natural Selection and to think of it as a cause instead of 
merely as a factor. 

Some Darwinians and Neo-Darwinians would now admit 
that along with the Natural Selection of small continuous 
variations, mutation plays an important part in the origin of 
new varieties and species. 

The Selection Theory did not meet with universal accept- 
ance. It was criticised from various points: (1) it was 
difficult to understand how small individual variations could 
have selection value or afford a handle to Natural Selection: 
(2) it was difficult to understand how concomitant selection 
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of small individual variations in different characters could 
take place and eventually result in structures sharing in a 
common function; such an acute thinker as Herbert Spencer 
felt this difficulty keenly and he fell back on the Lamarckian 
Factor: (3) many structures are met with which have no 
apparent utility, and it is difficult to see how Natural Selection 
could have had anything to do with their appearance: (4) 
there was the difficulty that small individual variations would 
be liable to be swamped by intercrossing; additional factors 
such as isolation of the varying forms and (by Weismann) 
germinal selection were proposed to get over this difficulty: 
(5) there were the facts of regression: and, later, (6) Johan- 
nsen’s demonstration that Natural Selection is ineffective in 
a pure line, and that there is a definite limit to its action in a 
population, together with the probable conclusion that con- 
tinuous variation is largely of the nature of environmental 
modification. It was the recognition of some of these diffi- 
culties that led to the renewed study of Variation and Heredity 
towards the close of last century which ultimately resulted in 
the appearance of the Mutation Theory. 

24. The Mutation Theory (see § 8) got rid of the difficulties 
mentioned above. Mendelism greatly helped by demonstrat- 
ing that there was no danger of a new character, if it were a 
Mendelian character, being swamped by intercrossing with the 
parent form. According to this theory Natural Selection is 
still a factor, but its action is restricted to the elimination of 
forms, due to mutation, which are not fitted for their environ- 
ment. As de Vries expresses it, “ Natural Selection may 
explain the survival of the fittest, but it cannot explain the 
arrival of the fittest.” 

We have seen (§19) that new forms or species may arise by 
new combinations of characters in crossing or hybridisation. 
By some these new combinations, depending on new grouping 
of factors in the germ-cells, are included under the term 
mutations. Usually, however, by mutations are meant really 
new characters appearing more or less suddenly as a result of 
some previous change in the germ-cells (premutation). In 
the Combinations referred to there is nothing really new, 
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simply a rearrangement of characters. Some mutationists 
regard this as an important source of new species in Nature. 

The new theory did not explain adaptation as it was some- 
how felt the Selection Theory did. There was, at first, a 
tendency amongst mutationists to minimise this difficulty by 
maintaining that, while organisms show adaptation to environ- 
ment in a general way, there had been much exaggeration with 
regard to its finer aspects. But, even allowing for much 
exaggeration, there is abundant evidence of adaptation every- 
where in nature, and it has to be accounted for. Some would 
fall back frankly on the Lamarckian Factor. Recently the 
interesting suggestion has been made that new forms simply 
occupy and multiply in regions or localities for which they 
happen to be fitted. 

It seems probable, however, that the explanation is to be 
found in the recognition of the occurrence in nature of 
numerous small, as well as large, mutations, on which Natural 
Selection will act. From this point of view the Mutation 
Theory might be regarded (as it is by many) as a modification 
and development of Darwin’s Theory, in which definite 
variations or mutations, large and small, take the place of 
small individual variations, and in which the action of Natural 
Selection is correspondingly restricted. 

25. Origin and Causes of Mutations. — It will be evident 
that if we accept the Mutation Theory it is more than ever 
necessary to determine the origin and causes of variation or 
mutation, for it is on mutation that the chief stress is laid. 
Some recent workers believe that they have evidence of the 
origin of new factors , both dominant and recessive, by definite 
changes, probably chemical in nature, occurring in certain 
parts of the chromosomes, factors either entirely new or due to 
modification of existing factors. The changes may apparently 
be induced by internal or external stimuli. There is, at least, 
some evidence to show that mutations may be induced by 
external influences. It has, however, to be noted that the 
great bulk of these mutations behave as Mendelian recessives, 
and, as we have said, there is good reason for believing that 
a recessive character implies the lack or absence of a factor. 



MUTATION THEORY. 


605 


On this view such mutations would be due to loss of factors 
(negative or retrogressive mutations — e.g. hairless varieties, 
white-flowered varieties, etc.). 

With regard to mutations behaving as Mendelian dominants 
(positive or progressive mutations), many critics maintain 
that they may arise in various ways, not necessarily by the 
appearance of new factors, and that there is at present no 
convincing evidence of the appearance of new factors. The 
Oenothera mutations of de Vries, for example, are by many 
believed to be due to Mendelian segregation as the result of 
previous crossing — the original parent forms no longer being 
in existence. This question of the origin of factors is the 
fundamental one in the study of variation. 

26. The Crossing or Hybridisation Theory of Evolution. — It 

has recently been maintained by Lotsy and others that new 
species are due solely to crossing and Mendelian segregation. 
At the reducing division and at fertilisation there would be 
redistribution and mixing of parental factors amply sufficient 
to provide for the appearance of new forms. “ Everything 
apparently new depends on a recombination of factors already 
present in the parents. ‘ The cause of evolution lies in the 
interaction of two gametes of different constitution. * ” 
According to this view there is now no such thing as germinal 
variability. The germinal factors are constant things, no 
longer subject to change or modification, but, like the atoms 
of the chemist, they can be redistributed and built up into new 
combinations. 

This, of course, does not go to the root of the matter. 
Even if we accept the theory we must still seek for the origin 
of the germinal factors. Did they originate in the primitive 
unicellular organisms from which plants and animals were 
evolved, and in which the living protoplasm would be more 
subject to modifying influences ? It is evident that our 
ignorance of variation is immense. Some practically give up 
the problem by assuming that living protoplasm possesses an 
inherent variability, or that all variability, as well as all 
response to environment, is due to some inherent vital impulse. 



TEST QUESTIONS. 

(A) CHAPTERS I.-VIII. 

]. Describe, with sketches, the seed, the mode of germination, and 
the seedling of Lablab, Wheat, Cress, Gourd, Dato. 

2. Give an account of the uses, and the behaviour during germination, 
of the cotyledons in various seeds whose germination you have 
watched. 

3. What are the food-substances commonly stored up in seeds ? In 
what form do they occur, and by what tests would you recognise them ? 
How do they become available to the young plant at tho time of germi- 
nation ? 

4. Examine, draw, and describe twigs of Fig and Banyan as they 
appear before the opening of the buds. 

5. Make a drawing of the opening bud of the Horse Chestnut or 
Banyan. What is the nature of the bud-scales, and what is their use ? 

6. Describe, with drawings, the internal structure of (a) the corm of 
Crocus or Gladiolus, and (6) the bulb of the Onion or Hyacinth. 

7. Describe the root, stem, and leaves of the Sunflower, Foxglove, 
Dead-nettle, Rose, and Dandelion. 

8. Describe various methods in which plants may reproduce them- 
selves vegetatively. 

9. How would you distinguish between (a) a simple leaf and a cladode, 
(b) a compound leaf and a short branch ? 

10. Explain the nature and functions of the following: (a) scale- 
leaves, (6) stipules, (c) phyllodes, (d) bulbils, (c) prickles, (/) ligules. 

11. What are meristematic tissues ? Give an account of the meri- 
stematic tissues found in dicotyledonous stems. 

12. How are new cells formed at the apex of a stem or root ? Give 
an account of the phenomena observed in connection with cell-formation 
there. 

13. What is cell-sap ? Where does it occur and what does it con- 
tain ? What purpose does it serve in the economy of the plant ? 

14. Describe the structure and development of an open, collateral 
vascular bundle, and indicate the functions of the various parts. 

15. Describe the structure, as seen in transverse section, of a twig of 
any dicotyledonous tree. 
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1G. What structural differences would you expect to find in the 
stem of a water-plant (e.g. Mare’s-tail or Water Milfoil) as compared 
with that of an ordinary herbaceous land-plant ? 

17. What are the functions of the foliage leaves in an ordinary land- 
plant ? Describe tbo structure of a typical dicotyledonous leaf, and 
indicate how it is adapted to the conditions under which its functions 
have to be carried on. 

18. Describe the structural characters of the epidermis of the stem 
of the Sunflower, or of any other herbaceous Dicotyledon you may 
select. 

19. What is sclerenchyma ? Describe its structural characters, and 
give some account of its distribution and functions in the stems and 
leaves of flowering plants. 

20. Draw diagrams of longitudinal sections of a root and of a stem. 
Include the apex and the characteristic lateral appendages in each case. 

21. Mention the more important structural differences between roots 
and stems, and, as far as you can, give an explanation of these differences. 

22. Give a short account of the structure, development, and functions 
of cork in dicotyledonous stems. 

23. What is understood by secondary growth? What is its signifi- 
cance ? Describe the process as seen in the stem of a Dicotyledon. 

24. Describe, in the case of a dicotyledonous tree, the mode of origin 
and growth of a lateral branch. Name in order, from the centre out- 
wards, the tissues that you would expect to find in a transverse section 
taken at the base of the branch at the end of the third year. 

25. What are the more important differences in stem, leaf, and root 
which would enable you to distinguish a monocoytledonous from a 
dicotyledonous plant ? 

26. Give a short account ol the phenomena observed in connection 
with the fall of leaves in trees. 

27. Give a general account of the structure and functions of bundle- 
sheath and pericycle in the root, stem, and leaf of Angiosperms. 

28. How does the nutrition of an animal differ from that of a green 
plant in rospeot of (1) the substances assimilated, (2) the mode in whioh 
they are assimilated ? 

29. Give an account of the way in which the processes of metabolism 
in plants lead to the storage of starch in their seods. 

30. Describe the characters of sand, clay, limestone, and humus, 
with reference to the growth of plants. 

31. Give an account of the process of root-absorption. By what 
means are roots enabled to absorb substances which are insoluble in 
water ? 
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32. What is root-pressure ? How would you demonstrate and 
measure it ? 

33. Give an account of the composition and function of chlorophyll. 
Under what conditions is it found, and how does it occur in the plant ? 

34. How would you prove that a green plant makes food when 
exposed to light ? 

35. What is a carbohydrate ? Mention the chief carbohydrates, 
stating how they are distinguished from each other. How are oils and 
fats distinguished from carbohydrates ? 

36. What conditions are essential in order that a green plant may 
form starch ? Give an account of the experimental evidence on which 
your answer is based. 

37. Give a general account of the structure, origin, occurrence, and 
functions of plastids. 

38. Explain how you would proceed to make a water-culture. Indi- 
cate the effect, on the plant, of the omission of salts containing iron, 
calcium, potassium, and nitrogen respectively. 

39. Of what substances do the crystals found in plant-cells usually 
consist ? Under what circumstances are these crystals formed ? 

40. Describe experiments you have made on transpiration, and 
explain how the rate of transpiration is affected under different con- 
ditions. 

41. Bubbles of gas arise when a green water-plant in a bowl of 
ordinary tap-water is placed in sunlight. What is this gas and how is 
it produced ? Give as full an explanation as you can of the effect of 
(a) replacing the tap-water by previously boiled water, ( b ) introducing 
lumps of ice into the original bowl of water. 

42. Along what tissue does the sap ascend in a stem in its passage 
from roof to leaf ? How would you endeavour to prove by experiment 
the truth of your statement ? What other movement of liquid substance 
takes place in plants besides the ascent of the sap, and what is the path 
of this current ? 

43. What is growth ? What are the conditions necessary for growth ? 
Give an account of the properties exhibited by growing points. 

44. Name the necessary conditions of germination, and describe 
experiments, which you have seen or performed, to prove what you say. 

45. What is respiration ? How would you demonstrate that it takes 
place in plants ? How is the process affected (a) by heat, (b) by light, 
(c) by increased rapidity of growth ? 

46. Describe exactly how you would obtain the dry weight of a 
seedling. What difference would you expect to find between the dry 
weight of (a) a seed, (b) a seedling of the same plant grown in the dark 
for some time, (c) a similar seedling grown under normal conditions for 
the same time ? Give reasons. 
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47. Describe accurately an experiment which you have seen in which 
the rate of growth of shoots or roots was measured. Which part of the 
root grows most rapidly in length and which part absorbs most water ? 
What advantages do plants gain by the increase of their shoots and roots 
in lengt h and thickness ? 

48. The trunk of an Oak tree, when in full leaf, is sawn all round so 
deeply as to cut through the sap-wood. State and explain the effect 
of this operation. 

49. What is meant by “ selective root-absorption,” and how is it 
related to “ rotation of crops ” ? 

50. What is meant by “ nitrification ” ? What is its importance in 
plant-life, and under what conditions does it occur ? 

51. What is there peculiar about the nutrition of leguminous plants ? 
Explain the importance of Leguminosae in connection with the rotation 
of crops. 

52. Mention three carnivorous plants that occur in Britain, and 
describe the structures that are adapted for catching or trapping the 
animals in each case. 

53. Describe the chief characters of British flowering plants which 
are total parasites or total saprophytes. 

54. What is heliotropism ? How would you account for the pheno- 
mena presented ? Give examples to indicate the biological significance 
of heliotropism. 

55. What is meant by the irritability of plants ? Illustrate your answer 
by reference to growing stems and roots. 

56. Describe two examples of twining plants. How is twining 
effected? What are (1) the advantages, (2) the disadvantages, of a 
twining habit ? 

57. What is meant by geotropism ? Write an account of any three 
experiments you may have performed in order to investigate the nature 
of geotropic phenomena in roots. 

58. Give an account of the growth, structure, and function of tendrils. 

59. Describe carefully how you would fit up an experiment which 
would show clearly the effect of light on the direction of growth of the 
stem and root of a seedling. State briefly the other effects of light on 
plants. 

60. Mention some leaves which show movements. Of what use are 
the movements to the plant ? 

(B) CHAPTERS IX.-XIII. 

61. Examine and describe the flowers of any five of the following 
plants: Pea, Dead-nettle, Foxglove, Lesser Celandine, Campion, 
Cherry, Dog Rose, Pansy, Cow Parsnip, Primrose, Dandelion, Lily, 
Snowdrop. 

I.BOT. 
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62. Give, with drawing, a description of the structure of an anatropous 
ovule at the time of fertilisation. 

63. Describe, with examples, the structure of (1) a hypogynous, (2) a 
pcrigynous, (3) an epigynous flower. 

64. What is meant by placentation ? Examine and describe the 
structure of the ovary and the placentation in the Mustard, Foxglove, 
Gooseberry, Convolvulus, St. John’s Wort, Orchid, Tulip, Pansy, 
Willow Herb. 

65. Mention, and give examples of, various processes by which floral 
structure has been modified. What is the general significance of floral 
modification ? 

66. Examine, and make drawings pf, the stamens of the Foxglove, 
Potato, and a Lily, to show (a) general form, ( b ) insertion of anthers, 
(c) mode of dehiscence, ( d ) internal structure. 

67. In what respects docs a flower (a) resemble, (b) differ from, a 
vegetative shoot ? 

68. Give diagrams, with brief descriptions, showing the variation in 
the form of the ovary and receptacle in the Rosaceae. Give examples 
of each case. Name the chief British Genera of the order. 

69. Describe the inflorescences of the following plants: Monkshood, 
Lupin, Cherry, Privet, Sycamore, Ivy, Campion, Mint, Birch, 
Currant. 

70. Briefly describe, with examples, the following forms of inflor- 
escence, and point out the relationship which exists between them: 
Panicle, raceme, umbel, spike, spadix, capitulum. 

71. Give a concise summary of the various contrivances favouring 
the cross -fertilisation of flowers. 

72. Explain clearly the biological significance of (a) brightly coloured, 
(6) irregular, (c) regular, and (d) inconspicuous flowers. 

73. Give an account of the structure and function of a pollen-grain. 

74. Describe the processes which lead to the conversion of an ovule 
into a seed, and state what is the difference between albuminous and 
exalbuminous seeds, giving examples. 

75. What flowers have you yourself observed being visited by wasps, 
by butterflies, by bees ? What insects have you yourself seen at Sweet 
Pea, Primrose, and Buttercup ? 

76. What is believed to be the precise significance of cross-fertilisation 
in plants ? 

77. Draw a series of diagrams representing successive stages in the 
development of a dicotyledonous embryo from its origin. Name the 
corresponding parts in the several diagrams. 

78. What are cleistogamous flowers ? Name three plants in which 
they are found, What is their significance ? 
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70. How is the endosperm tissue of seeds formed ? Describe the 
process. What is the difference between endosperm and perisperm ? 

80. What is “ double fertilisation ” ? What is its probable signifi- 
cance ? 

81. What is a fruit? Describe the following fruits: Plum, Straw- 
berry, Raspberry, Apple and Orange. What is the nature of the edible 
portion in each case ? 

82. Write a short account of the structure of the more common dry, 
dehiscent fruits, and explain how the seeds are scattered in those 
examples you select. 

83. Give instances of seeds or fruits which are dispersed (a) through 
the agency of the wind, and (b) through the agency of animals. Of 
what advantage is it to plants that their seeds should bo thus 
dispersed ? 

84. Describe and compare the fruits of the Rose, Pig, Blackberry, 
and Mulberry. 

85. Describo examples of explosive fruits, and try to explain the 
mechanism in each ease. 

86. Write a short essay on the dispersal of seeds and fruits by animals, 
and specially indicate any adaptive structures in tho seed or fruit which 
ensure such dispersal. 

87. Describo the flowers of Strawberry, Apricot, and Apple. 

88. Writo an account of the floral structure and the methods of 
pollination met with in Cruciferae. 

89. Describe the flowers of Mint, Self-heal, and Wood Sage, pointing 
out in each case how they differ from a Dead-nettle flower. 

90. How are all Scrophulariaceae distinguished from all Labiatae ? 
Mention plants in both families which might at first sight be confused. 

91. In what habitats would you look for Mullein, Ivy-leaved Toad- 
flax, Brooklime, Cow-wheat, Bartsia, Lousewort, Yellow Rattle ? 

92. Write an account of the “ division of labour ” seen in the flower- 
head of one of the Compositae. 

93. Describe how pollination is effected in various members of the 
family Campanulaceae, and compare it with the method of pollination 
in Compositae. 

94. Name the orders to which the following plants belong, and 
indicate briefly why you refer them to those orders: Speedwell, Wheat, 
Sensitive Plant, Lesser Celandine, Torinentil, Self-heal, Chickweed, 
Milfoil, Lady’s Mantle. 

95. Compare the flower of (a) Orchid, (b) Perennial Rye-grass, 
with that of a Lily. 
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96. Describe the mechanism of pollination in Gorse, Sage, Figwort, 
and Mimnlus. 

97. Describe the flowers of Birch and Hazel. 

98. Note any points of interest connected with the following plants: 
Love-in-a-mist, Candytuft, duckweed. Lobelia, Red Campion, Ground 
Ivy, Meadow Sweet, Lady's Mantle, Cornflower, Daffodil. 


(C) CHAPTERS XIV.-XVIL, and XXI. 

99. Give a general sketch of the life-history of a Fern from tho germina- 
tion of the spore to the formation of tho fertile frond. 

100. Describe the general structure of the frond of a Fern, and state 
in what respects it differs from the leaf of a flowering plant. 

101. Give an account of the structure and function of the prothallium 
of a Fern. 

102. Indicate the more important structural differences between tho 
sporophyte and gamctophyte generations in the Fern. How would 
you account for these differences ? 

103. What is meant by an “ alternation of generations ” in the life- 
history of a plant ? Illustrate your answer by reference to the life- 
history of a Fern. 

104. Indicate the more important differences between the Fern and 
Selagindla with respect to (1) the leaves, (2) the number, position, and 
development of the sporangia, (3) the development of the embryo. 

105. Give an account of the structure and development of roots in 
Ferns, and mention important differences as compared with the roots 
of Angiosperms. 

106. In what important respects does the life-history of a Vascular 
Cryptogam (a) resemble, (b) differ from, that of a Flowering Plant ? 
What is the significance of these resemblances and differences ? 

107. Give a comparative account of the “ nursing ” of the embryo 
(*\e. the way in which it is nourished) in Vascular Cryptogams and 
Flowering Plants. 

108. Give a comparative account of the development of Sporangia 
and spores in the Fern, Equisetum , and Selagindla . 

109. Compare tho vascular system in the stem of the Male Shield 
Fern with that of the stem of the Sunflower. 

110. Compare the development of the ovule in the Angiosperm with 
^hat of the megasporangium in Selagindla. 

111. Point out clearly the resemblances and differences between 
Sdaginella and an Angiosperm as regards (a) the gametophyte genera- 
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tion, (6) the process of fertilisation, (r) the nursing of the embryo. How 
would you explain these resemblances and differences ? 

1 12. Describe in detail the structure of the stem in Pinus after three 
years’ growth in thickness. Explain how the growth in thickness takes 
place. 

113. Describe the structure of the mature ovule of a Conifer and 
point out the differences between it and the mature ovule of an Angio- 
Rperm. 

114. What is a gametophyte ? Give an account of the gametophyte 
of Finns. 

115. State clearly on what grounds the conclusion is based that the 
pollen-grain of Finns is a microspore, and the embryo-sac a megaspore. 

116. What are the resemblances and what the differences between 
the floral organs of an Angiosperm and those of Firms ? 

117. Compare the processes of pollination and fertilisation in Cycas, 
Firms , and an Angiosperm. 

118. In what respects do the vegetativo organs and flowers of Taxus 
differ from those of Finns ? 

1 19. Describe the general external characters of a Cycad, and state 
the more important resemblances to the Fern. 

1 20. What is a seed ? Indicate in what respects a seed (a) resembles, 
(6) differs from, a spore. Why is a seed not formed in Sehginella ? 

121. What is a flow'er ? What corresponds morphologically to a 
flower in Vascular Cryptogams ? 

122. Explain what is meant by Heredity, Variation, Natural Selec- 
tion, Evolution. 

123. How would you account for the innumerable adaptations to 
environment exhibited by plants ? 

124. What is the probable significance of the following features in 
the life-history of an Angiosperm : (a) Antipodal Cells, (6) “ Triple- 
fusion ” or “ Double Fertilisation,” (c) Pollination ? 

125. What views are held with regard to the relationship between 
Flowering Plants and Ferns 1 

126. For what different purposes do you consider that a plant 
requires to be supplied with water ? How are some plants able to 
withstand long-continued drought miinjured ? Give instances of such 
plants. 

127. The Island of Singapore produces more than 2,000 native species 
of flowering plants; the Isle of Wight (about equal in area) some 800; 
an equal area in the Egyptian Desert less than 200. To what causes 
would you ascribe these striking differences ? 
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128. Name several different species of plants that you have found at 
the seaside and not inland. State exactly where and how each was 
growing, and mention any characters possessed by each that you think 
fitted it to its particular circumstances. 

129. Enumerate the more common plants that you have found 
growing in a marsh. 

130. Write a list of any plants which you have found growing with 
their leaves submerged in water. H ow do such plants obtain the gases 
which they require for respiration and photosynthesis ? Describe the 
surface structure of a leaf (a) in a land-plant, (b) in a water-plant. 

131. Give an account of the vegetation of sand-dunes in any region 
you may select, and point out the special adaptations exhibited by the 
plants to their surroundings. 

132. Write an account of the vegetation you might expect to find 
growing on a swampy moor, and indicate any points in which the plants 
appear to be structurally adapted to such an environment. 

133. Give a short account of the characters of Alpine Plants. 

134. Give a short account of the conditions of growth and the nature 
of the vegetation in woods. 

(D) CHAPTERS XVIII.-XX. 

135. Give an account of the structure and life-history of Marchantia, 
State the more important differences presented in the life-history of 
Funaria , 

136. State clearly the grounds on which the conclusion is based that 
the Moss-plant corresponds to the prothallus of the Fern, and the 
sporogonium to the Fern -plant. 

137. How would you account for the absence of a highly differen- 
tiated vascular system, and of stomata in the gametophyte generation 
of plants. 

138. What views are held with regard to the origin of the sporophyte 
generation ? 

139. Describe and compare the structure of the thallus as found in 
Vaucheria , Spirogyra , Oedogonium , and Fucus. 

140. Give an account of the structure and life-history of Vaucheria , 
and indicate the more important resemblances and differences presented 
in the structure and life-history of Pythium. How would you account 
for these resemblances and differences ? 

141. Give a full account of the differences which exist between an 
Alga and a Fungus with regard to the mode of their nutrition. 

142. Give a comparative account of sexual reproduction as found in 
Chlarrtydomonas, Spirogyra , Fucus, Marchantia, and an Angiosperm. 
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143. What are gonidia ? In what plants are they found ? In what 
respects do they differ from the asexual spores of Fern or Moss ? 

144. Describe the normal vegetative condition of Chlamydomonas , 
and compare it with that of Plevrococcus. What significance has been 
attached to the differences observed in the life-histories of these Algae ? 

145. Compare and contrast Eurotium and Spirogyra as regards their 
nutrition and reproduction. 

146. Describe the structure and life-history of the Yeast Plant. 
Mention the points in which this plant resembles and differs from 
Eurotium or Penicillium. 

147. Describe and contrast the development of asexual reproductive 
cells in Oedogonium t Vaucheria , Pythium, Eurotium , Agaricus, and 
F unaria. 

148. What is fermentation ? What is its probable significance in 
relation to the normal metabolic processes ? Give an account of a 
typical example. 

149. Is it possible to grow a Mould and Flowering Plant in artificially 
prepared aqueous solutions ? State what should be the ingredients of 
such solutions, and explain in what important respect they must differ 
in the two cases. 

150. Name and illustrate by reference to particular types the various 
modes of reproduction found in plants. 

151. What can you say with regard to (a) the evolution of sexuality 
in plants, (b) the differentiation of sex ? 

152. What is a parasite ? Give examples. How is a parasite dis- 
tinguished from (a) an epiphyte, (b) a saprophyte ? Give examples of 
epiphytes and saprophytes. 



APPENDIX. 

I. General Advice to the Student. 

1. Reading. — The necessity of careful reading cannot be too 
strongly insisted on. The student should be ever on his 
guard against the tendency to rapid reading and hasty 
assimilation. Before passing from one part of the subject 
to another he should make sure, as far as he can , that he has 
understood what he has read. A habit of skipping difficulties 
is easily acquired and not easily overcome. Of course there 
may be many cases where even the most diligent application 
will fail to clear up difficult points, and where persistence in 
wrestling with them only results in a waste of time. In such 
cases the student should for future reference make a note of 
the points he has failed to master. It may be that a wider 
knowledge of the subject will make them clear. 

Special reference may here be made to the first two chapters 
of the present textbook. These chapters deal with general 
facts and principles, and it is not expected that, at the first 
reading, the student will acquire a perfect knowledge of their 
contents. They may be used for purposes of reference, and 
should be very carefully revised at a later stage. 

However careful the reading be, it is perfectly useless 
unless accompanied by diligent practical work. This will be 
specially dealt with in Sections II. and III. of the Appendix. 

2. Sketches and Drawings. — In connection with the practical 
work the student should, besides keeping a record of his 
experiments and observations, make clear, outline pencil- 
drawings of the specimens examined or the sections cut. The 
making of sketches gives precision to the work besides helping 
the memory; it impresses on the student’s mind not only the 
more important points, but also many details which might 
otherwise be overlooked. It is advisable that the sketches 
should be drawn, wherever possible, to some definite scale. 
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3. Test Questions. — Merely verbal knowledge should be 
avoided, i.e. knowledge which can be reproduced by the 
student only in words and sentences more or less nearly 
resembling those which he has read. He should be able to 
express his knowledge in words of his own. This faculty is 
one test of real knowledge, and will prove invaluable when the 
student has to deal with general questions — that is to say, 
questions which are framed with a view to testing general 
knowledge, and w T hich are not as a rule specially dealt with in 
textbooks. 

Such, for example, are questions dealing with the comparison 
of certain types or structures. To answer these satisfactorily 
the student must be able to set down alongside of each other 
all the important resemblances or differences exhibited. It is 
in such general questions, as a rule, that the student who is a 
mere echo of a textbook comes to grief. 

The moral of all this is that the student should be constantly 
testing his knowledge by trying to write down what he knows 
on various parts of the subject. For this purpose he should 
make use of the test questions given on p. 607. Wherever it 
is possible he should make a point of illustrating his answers 
by outline drawings. 

4. Botanical Terms : Greek and Latin Roots. — Many botani- 
cal terms have departed so far from their original meanings, 
as implied in their etymology, that the student must get to 
know them in the same way as he would get to know the words 
in learning a new language. Frequently, however, a know- 
ledge of the derivation of botanical terms is really helpful; 
for this reason we give here a table of Greek and Latin roots 
which may be of service to the student: — 

GREEK. 

a-, without (apetalous) ; aero-, summit (acropetal); actino-, rayed 
(actinomorphic); adelphos, brother (monadelphous); amphi-, both 
(amphibious); ana-, up (anabolism); andr-, of man or male (androecium); 
anemos, wind (anemophily); angios, a vessel (angiosperm); anti-, opposite 
(antipetalous); apo-, away from (apocarpous); bio-, life (biology); blema, 
covering (epiblema); bolos, a throwing; carp, fruit (opicarp); cata, down 
(catabolism); chlamys, a cloak (archichlamydeae); chloro-, green (chloro- 
phyll); chromo-, colour (chromoplast); cleisto-, dosed (cleistogamous) ; 
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cyto-, cell (cytoplasm); derma, skin (epidermis); di-, twice (dicotyledon); 
dich-, apart (dichotomous); dynamis, strength (tetradynamous); endo-, 
within (endocarp); epi-, on (epidermis); ergon-, work (energy); gamos, 
marriage (polygamy); ge, earth (geotropism); -gen, producing (endo- 
genous, oxygen); gyn-, of woman or female (gynaeceum); helios, sun 
(heliotropism); heteros, different (heterogamous); histos, web , tissue 
(histology); homos, same (homology); hypo-, under (hypodermis); logos, 
science (physiology); mega-, large (megaspore); meros, part (mericarp); 
meso-, middle (mesocarp); micro-, little (microspore); mono-, single 
(monadelphous) ; morphe, form (morphology); -oecium (oikos), house 
(androecium); -oid, like (bacteroid); oon, an egg; orthos, straight (ortho- 
stichies); peri-, around (pericycle); -phile, loving (hydrophilous); phobe, 
hating (photophobic); -phore, carrying (carpophore); phyll, leaf (meso- 
phyll); phyte, plant (spermaphyta); plasma, anything formed (proto- 
plasm); pod, foot (monopodial); poly,- many (polypetalous) ; protos, first 
(protoplasm); pseudo, false (pseudocarp); rhiza, a root (rhizoid); sapros, 
putrid (saprophyte); schizo, split (schizocarp); scleros, hard (scleren- 
chyma); sperma, seed (endosperm); stichos, a row (orthostichies) ; syn-, 
together with (syncarpous); tetra, four (tetradynamous); thee, a case 
(theca); tropos, direction (heliotropism); xero-, dry (xerophilous); zygon, 
a yoke (zygomorphic); xylon, wood (xylem). 


LATIN. 

ad, to (adhesion); albus, white (alburnum); amplexus, embraced 
(amplexicaul); arena, sand (arenaceous); argilla, clay (argillaceous); 
auriculus, little ear (auriculate); axilla, armpit (axil, axillary); bacillum, 
little staff (bacillus); bi-, twice (bifid, bipinnate); bulbus, onion (bulb); 
caducus, fallen (caducous); capillus, hair (capillary); capitulum, little 
head ; capsula, little vox (capsule); career, prison (carcerulus); earn-, flesh 
(carnivorous); caruncula, small piece of flesh (caruncle); caulis, stem 
(caulicle); com- (cum), with (compound, collateral); corona, crown ; 
corolla, little crown; corymbus, bunch of flowers (corymb); cutis, skin 
(cuticle); decurro, to run down (decurrent); decusso, to divide crosswise 
(decussate); dehisco, to open (dehiscent); duramen, hardness; equito, to 
ride on horseback (equitant); ex, without (exalbuminous); -fid, cleft 
(pinnatifid); fistula, pipe (fistular); flaccidus, withered (flaccid); flos, 
flower (floral); folia, leaf (foliage); folliculus, little bag (follicle); fugo, to 
flee (fugaceous); glaber, smooth (glabrous); glaucus, bluish grey (glaucous) ; 
hasta, spear (hastate); haustus, drawing up water (haustorium); hispidus, 
bristly (hispid); humus, soil (humus); imbrex, -icis, a roof tile (imbricate); 
impar, unequal (imparipirmate); inter, between (intercellular); involucrum, 
cover (involucre); labium, lip (labiate); lignum, wood (lignified); ligula, 
strap (ligulate); loculus, little place (trilocular); nectar, honey ; nodus, knot 
(node); nuto, to nod (nutation); nux, nut (nucellus); ovum, egg (ovule); 
papilio, butterfly (papilionaceous); par, equal (paripinnate); paries, wall 
(parietal); pelta, shield (peltate); persona, mask (personate); peto, to seek 
(acropetal); pinna, wing (pinnate); pluma, feather (plumule); pulvinus, 
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cushion ; pyxis, box (pyxidium); racemus, bunch of grapes (raceme); 
radix, root (radicle); renes, kidney (reniform); rota, wheel (rotate); 
sagitta, arrow (sagittate); sectus, cut (pmnatiseot); serra, saw (serrate); 
siliqua, pod or shell ; subula, awl (subulate); umbella, parasol (umbel); 
urceolus, little pitcher (ureeolate); vas, vessel (vascular); versatilis, 
revolving (versatile); verticillus, whirl of a spindle (verticillate). 

5. Supplementary Reading. — To such students as may be 
desirous of further extending their botanical studies the 
following books are recommended: — 

Willis’s Flowering Plants and Ferns ; Strasburger’s Textbook 
of Botany; Campbell’s Mosses and Ferns; West and Fritch’s 
British Freshwater Algae; Scott’s Studies in Fossil Botany ; 
Bentham and Hooker’s British Flora; Haberlandt’s Physio- 
logical Plant Anatomy; Tansley's Types of British Vegetation; 
Haas and Hill’s Introduction to Chemistry of Plant Products . 


IT. Notes on Practical Work. 

6. Examination of Plants. — The student should devote a 
considerable amount of time to the study of complete plants, 
and the examination of special parts. He should carefully 
notice the different kinds of roots and stems, and accustom 
himself to the use of the various terms explained in the text. 
Bulbs, tubers, corms, rhizomes, suckers, etc., should be 
studied, and their special features recognised. The morpho- 
logical value of spines or thorns, tendrils, and other specialised 
structures, wherever specimens present themselves, should be 
clearly made out. The form, arrangement, and venation of 
leaves ; branching ; the position of buds, stipules, bracts, etc. ; 
the forms, etc., of corolla, androecium, and gynaeceum; the 
seed and fruit, etc.; — all these should be subjected to careful 
examination. 

In the examination of minute or crowded parts, as for 
example, in the case of many flowers, it will be found not 
only convenient, but necessary, to use a small hand-lens. A 
very convenient folding form, with three glasses, can be 
obtained from any dealer. For finer work, a simple dissecting 
stage, with lenses, can now be obtained for a few shillings. 
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7. Physiology. — A practical knowledge of the nutrition and 
growth of plants is essential. The student, therefore, should 
carry out as many of the simple experiments described in 
Chaps. VII. and VIII. as he can, and devise others for himself. 
These chapters should be studied concurrently with Chaps. 
1II.-VI. 

8. Microscopic Work. — We cannot give here full detailed 
directions serving to initiate the beginner in the mysteries of 
section-cutting, etc. For the student working alone a 
practical textbook is necessary. Cavers’s Practical Botany 
(University Tutorial Press) is very good. 

We shall confine ourselves here to a few notes on funda- 
mental details. 

9. Apparatus. — The following are necessary: — 

(a) A good microscope with lenses A and J in. focal distance. 

(b) Two good razors, slightly hollow-ground. 

(c) Glass slides, 3 in. x 1 in. ; cover-glasses, g in. diam. or sq. 

( d ) Small forceps, dissecting needles, and scalpels. 

(e) A few deep watch-glasses; small brushes; a clean piece 
of soft linen. 

(/) Pickle jars, methylated spirit, formalin (see § 12). 

(g) Small bottles (with dipping rods) containing iodine 
solution, aniline sulphate (or chloride), Schulze’s solution, 
glycerine, etc. 

A serviceable microscope for ordinary work is Beck’s 
“Baby London”: for particulars of this and other more 
elaborate Beck microscopes reference should be made to the 
manufacturers’ catalogue. Information with regard to re- 
agents will be found in the practical textbook. 

10. Cutting and Mounting Sections. — At first the student 
should content himself with sections simply stained with iodine 
or aniline sulphate and mounted in glycerine. Only if time 
permits, and after considerable experience in this method, 
should he attempt more elaborate methods of staining and 
mounting. 
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In taking a section, the tissue to be cut should be held 
between the thumb and lingers of the left hand; the razor 
in the right hand. The tips of the four right fingers should 
rest on the back of the razor, and the thumb in front, just 
behind the cutting edge. The cutting edge is therefore 
directed inwards, towards the operator. The arms should be 
brought dose up to the body. Tissue and razor should both 
be wet with alcohol. The blade of the razor may rest gently 
on the forefinger of the left hand with the edge against the 
tissue. Then the razor should be drawn through the tissue 
with a sliding movement. With practice , extremely thin 
sections may be cut. 

The sections should be removed from the razor by means 
of a brush, and placed in a watch-glass containing alcohol or 
water. Several may then be transferred to a slide and 
examined in water under the low power, so that the best may 
be selected. By means of the linen cloth the excess of water 
may be removed, and iodine or other reagent added according 
to the special points which the student wishes to determine. 
The reagent should then be washed off with water, the excess 
of water removed, a drop of glycerine added, and finally the 
cover-glass put on. 

The section should always be mounted in the centre of the 
slide. The cover-glass should be rested on its edge and let 
down gradually by means of a needle. The section must not 
be allowed to get dry during the process, or air-bubbles will 
make their appearance. If these do appear, soaking the 
section for some time in alcohol will remove them. The 
cover-glass must be perfectly clean, and the upper surface 
dry. 

Neatness and cleanliness are of great importance in practical 
work. At first the student will find that his sections are 
rather thick, and often obliquely cut. These are difficulties 
which can be got over only by care and practice. He should 
not attempt to draw a bad section. 

Very slender or delicate tissues should be cut by embedding 
in pith or carrot. More elaborate methods may be passed 
over in early stages of practical work. If carrot be used, a 
piece 1 in. X £ in. x £ in. will be found convenient. 
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11. Reagents. — The effects produced on cell- walls and cell- 
contents by iodine solution, aniline sulphate, Schulze’s solu- 
tion, etc., should be studied. The tests for starch, protein, 
cellulose, cork, mineral crystals are important. 

12. Material. — Fresh material may and sometimes must be 
used. In many cases, however, it is better and more con- 
venient to use “ pickled ” material. The pickling fluid used 
for ordinary work is ordinary methylated spirit. Stems, 
roots, leaves, etc., preserved in this way in glass jars arc always 
ready for use. Delicate plants or parts of plants (flowers, 
etc.) may be preserved in four to six per cent, solution of 
formalin (formic aldehyde); formalin as sold is a forty per 
cent, solution. This method has the advantage of preserving 
colours. Types such as Vaucheria , Spirogyra , Ocdogonium , 
Eurotium , Yeast, must be examined in the living state. 

The student is advised to obtain material himself, as far 
as possible. With the Angiosperm, Pinus , Fern, and Agaricus 
there is no difficulty. Marchantia , F unaria , Ocdogonium , Spiro- 
gyra, and Vaucheria are also easily found. Fern-prothalli can 
usually be obtained in abundance on the damp walls or on the 
soil of flower-pots in fern-houses. Directions for obtaining 
Pythium , Eurotium, etc., are given in our descriptions of these 
types. Yeast may be obtained from a baker. 

13. Practical Work on Angiosperms. — As the student may 
be in some doubt as to the practical work which should be 
undertaken in connection with the Angiosperm, the following 
list may be of service. 

Stems. — Transverse and longitudinal sections of such Dicotyledon 
stems as Sunflower, Groundsel, White Byrony, Clematis, Elder, Elm, 
Lime, and such Monocotyledon stems as Asparagus, Butcher’s Broom, 
Black Bryony, Maize. The list might be extended indefinitely. For 
comparison sections of aquatic stems should also be cut, e.g. Mare’s-tail 
( Hippuris ), Brooklime ( Veronica beccabunga), and Myriophyllum. 
The beginning of secondary growth in Dicotyledons should be studied, 
e.g. in Groundsel. 

Buds. — Longitudinal sections, e.g. of the Lilac. Try to make ouf 
the meristematic regions. 
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Boots . — Transverse sections of such roots as Leek, Maize, Iris, 
primary roots of Bean or Castor-oil seedlings, Sunflower, Elm, Willow, 
etc. The apical meristem can be studied in median longitudinal sections 
of the radicles in Maize, Almond, Sunflower, and Castor-oil seeds. The 
fibrous or tuberous roots of the Lesser Celandine (p. 326) are excellent 
for showing primary dicotyledonous structure, as there is no secondary 
growth. 

Leaf . — Sections of B petiole and lamina, e.g. Beech, Sunflower, Horse 
Chestnut, Privet, Lily, Iris; strip off part of epidermis to see stomata, 
etc. 

Flower . — Sections of ovaries and anthers. The structure of the 
ovary, the placentation, the form and structure of the ovules, should 
bo recognised. The form and structure of the ovule can usually 1)© 
readily made out in sections of ovaries, or, if the ovules arc small, by 
examining entire after treatment with dilute potash solution. 

Seeds . — In examining a seed the student should determine by means 
of sections and staining — (a) Dicotyledonous or Monocotyledonous, 
{b) albuminous or cxalbuminous, (c) the nature of the food -material. 

Contents of Cells and Cell-Walls . — These should be very carefully 
studied in connection with the above. To see such bodies as cystoliths 
and raphides the student should try to obtain the material mentioned 
in the textbook. 


III. Descriptive Botany. 

14. Description of Plants. — The art of describing plants 
consists simply in being able to make use of the proper terms 
in a neat, orderly way. An elaborate description is not 
expected of the elementary student. The following scheme 
simply indicates the order on which such a description should 
proceed; it is not to be regarded as a form for plant-descrip- 
tion, to be rigidly adhered to in all cases. 

Root : tap or adventitious ? branched or unbranched ? the 
special form — tuberous, fleshy, fibrous, etc. ? annual, 
biennial, or perennial ? 

Stem: kind of stem — i.e. is it erect, prostrate, or climbing? 
a rhizome, corm, or bulb, etc. ? herbaceous or woody ? 
cylindrical, angular, or compressed ? hairy or glabrous ? 
branched or unbranched (the branching may be 
described) ? If herbaceous, is it solid, hollow (fistular), 
or jointed ? If climbing, how does it climb ? Does it 
bear cladodes, tubers, spines, etc. ? 
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Leaf: deciduous or evergreen ? radical, cauline, or ramal ? 
alternate, opposite (superposed or decussate), or 
verticillate ? petiolate or sessile ? stipulate or exstipu- 
late (the stipules may be described) ? sheathing, 
connate, perfoliate, ligulate, etc. ? simple or compound ? 

If simple, outline of lamina (i.e. linear, oval, etc., or 
pinnatifid, palmatifid, etc. — if incised, the outline of 
the lobes, partitions, or segments may be indicated) ? 
venation? margin? apex? surface (glaucous, hairy, 
etc.) ? 

If compound, pinnate or palmate ? paripinnate or 
imparipinnate ? number and arrangement of leaflets ? 
Leaflets — sessile or stalked ? outline ? venation ? margin ? 
apex ? surface ? 

Inflorescence: definite, indefinite, or mixed? kind of 
inflorescence ? 

Flowers: sessile or pedicellate? bracteate or ebracteate (if 
bracteate, the bracts may be described) ? complete or 
incomplete ? hermaphrodite or unisexual ? actinomor- 
phic zygomorphic, or asymmetrical ? cyclic, hemicyclic, 
or spiral ? heterostvlic ? any other general character ? 

If there are two kinds of flowers, after giving common 
characters as above, describe separately. 

Calyx: poly- or gaino-sepalous ? green or petal oid ? if 
polysepalous, the number, outline, and apex of the 
sepals ? if gamosepalous, the special form or nature of 
the incision ? inferior or superior ? aestivation ? 

Corolla: regular or irregular? if irregular, zygomorphic or 
asymmetrical ? poly- or gamo-petalous ? if polypetalous, 
number and outline of petals, or any special terms ? 
if gamopetalous, special form or incision ? corona or 
other special features ? hypogynous, perigynous, or 
epigynous ? aestivation ? 

Perianth: described similarly, except that the terms poly- 
or gamo-phyllous must be used. 

Androecium : number of stamens ? or indefinite ? poly- 
androus, syngenesious, or adelphous ? epipetalous, 
epiphyllous, hypo-, peri-, or epi-gynous ? special 
characters ? filament ? fixation of anther ? dehiscence ? 
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Gynaeceum: mono- or poly-carpcllary ? if the latter, apo- 
or syn-carpous ? Ovary — unilocular or multilocular ? 
superior or inferior ? Ovules — number ? or indefinite ? 
form ? Placentation ? Style ? Stigma ? 

Seed: albuminous or exalbuminous ? 

Fruit: kind of fruit ? 

Nectaries may be described in connection with corolla, 

stamens, or pistil, as seems convenient. 

15. Examples. — The following descriptions of well-known 

plants will serve as examples: — 

(1) Root: a fibrous branched tap-root; perennial. 

Stem: erect; branched; angular; herbaceous above, woody below; 
slightly hairy; perennial. 

Leaves: herbaceous; cauline; shortly petiolate; exstipnlate; simple; 
lanceolate; unicostate; reticulate; acute; entire; slightly hairy. 

Inflorescence: indefinite — terminal and lateral, more or less corymbose 
racemes. 

Flowers: pedicellate; ebracleate; isobilateral; hermaphrodite. 

Calyx: polysepalous; four lanceolate, petaloid sepals in two series, the 
two inner (lateral) sepals slightly pouched (saccate); inferior. 

Corolla: regular, polypetalous, cruciform, consisting of four unguiculate 
petals; limb obovate; hypogynous; imbricate. 

Androecium: six stamens in two series; tetradynamous; two short 
lateral stamens; two pairs, anterior and posterior, of long stamens; 
hypogynous; anthers innate, introrsc, with longitudinal dehiscence. 
Nectaries , having the form of green, rounded discB, are present at 
the base of the lateral stamens. 

Gynaeceum: bicarpellary, syncarpous; ovary bilocular, owing to a false 
septum developed between the placentas, superior; ovules oc, 
campylotropous, on two parietal placentas; style short; stigma 
two-lobed. 

Seed: exalbuminous. Fruit: an elongated, linear, slightly flattened 
siliqua. 

(2) * Roots: adventitious, fibrous, and stout, yellowish. 

Stem: woody, perennial, underground, covered with brown scales, and 
throwing out long slender runners which root at the nodes. 

Leaves: radical, with long hairy petioles and membranous, lanceolate, 
petiolar stipules; compound, t ornate; leaflets nearly sessile, round- 
ish oblong, with unicostate reticulate venation and serrate margin. 

Inflorescence: panieled, more or less corymbose, cymes borne on erect 
slender scapes. 


I.BOT. 


Adapted from Lindloy’s Descriptive Botany. 
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Flowers: pedicellate, with membranous bifid bracts; actinomorphic; 
complete; hermaphrodite; protogynous. 

Calyx: gamosepalous, with five membranous, triangular, acuminate 
segments; green, persistent, inferior; an epicalyx is present con- 
sisting of five oblong segments alternating with those of the calyx 
proper. 

Corolla : regular polypetalous, rosaceous, consisting of five white roundish 
petals inserted perigynously. 

Androecium: polyandrous; stamens oc, persistent, perigynous; filaments 
short and stiff; anthers oval, more or less cordate, dehiscing at the 
edges. 

Gynaeceum: polycarpellary, apocarpous; carpels indefinite, and borne 
on a protuberance of the thalamus, with filiform styles and simple 
stigmas; ovules solitary, ascending. 

Seed: exalburninous, dicotyledonous. Fruit: a pseudocarp consisting 
of an etaerio of achenes borne on a succulent thalamus. 
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[In the following Index the Hindustani names have, on the whole, 
been given preference to those in the other languages of India. Some 
plants are included here which are not mentioned in the text. For the 
page reference tho student should consult the General Index.] 


ACH = Al. 

Adrak, Zingiber officinale , Ginger. 
Ak, Calotropis gigantea and C. 
procera. 

Akashbel, Cuscuta reflexa, Dodder. 
Akhrot, Juglans regia , Walnut. 

Al, Morinda citrifolia. 

Alsi, Linum usitatissimum , Flax. 
Alii, Solanum tuberosum , Potato. 
Alii bukhard, Prunus sp. 

Alucha, Prunus communis . 

Am, Mangifera indica , Mango. 

A malt As, Cassia Fistula. 

Alma, Phyllanthus Emblica. 

Amli, Tamarindus indica , Tama- 
rinc[. 

AmloK,’ Prunus lanata. 

Amrud, Psidium guyava , Guava. 
An&r, Punica granatum , Pome- 
granate. 

Angur, Vitis vinifera, Grape. 
Anjir, Ficus carica, Fig. 

Arand, Ricinus communis , Castor- 
oil Plant. 

Arjuna, Terminalia Arjuna. 

Aru, Prunus persica. Peach. 

Ash ok, Jonesia Asoca — Saraca 
indica . 

Atipich, Helianthus tuberosus, 
Jerusalem Artichoke. 


BABGL, Acacia arabica. 

B&d&m, Prunus amygdalus , Al- 
mond. 

Baei s= Bel, 


Baherd, Terminalia belerica , Myro- 
balans (fruit). 

Baingan, Solanum melongena , 
Brinjal, Egg-plant. 

Bajrd, Pennisetum typhoideum , 
Bulrush Millet. 

Bakld, Vicia Faba , Broad Bean. 

Bakul = Vakul. 

I B&n, Quercus, Oak. 

I Ban-kap&si, Thespesia. 

Bankhor — Khanor, Aesculus in- 
dica, the Indian Horse-chestnut. 

Bans, Dendrocalamus strictus , 
Bamboo. 

Bar, Ficus benghalensis , Banyan 
tree. 

Bataun = Baingan. 

Bed, Salix tetrasperma. 

Bed-i-Majnun, Salix bdbylonica , 
Weeping Willow. 

| Bel, Aegle Marmelos. 

Ber, Zizyphus Jujuba , Jujube* 

Bet, Calamus tenuis , Cane. 

Bhang, Cannabis saliva , Hemp. 

Bhilawd, Semecarpus anacardium , 
Marking Nut. 

Bhindi, Hibiscus esculentus. Lady’s 
Finger. 

Bhojpatra, Betula bhojpatra = B. 
utilis , Birch. 

Bhurj = Bhojpatra. 

BhuttA = Makai, Zea Mays , 

Maize. 

Bichhu buti, Qirardinia hetero- 
phylla. 

Bihi, Cydonia vulgaris , Quince, 
627 
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Binafshd, Viola sp. 

Bor — Bor. 

CHACHINDA, Trichosanthcs an - 
guina, Snake Gourd. 

Chdi, Camellia Then, Tea. 

Chakotrd, Citrus decumana , Po- 
melo, Shaddock. 

Chalta, Dillenia indica. 

Chambd — - Champak. 

Chambclf, Jasminum sp.. Jasmine. 

Chamolf — Cham boll. 

Champak, Michelia (Ihampaka. 

Ghana, Cicer arietinum Gram. 

Chdndani, Taber nacmontana coro- 
naria. 

Oharas, Cannabis satira . Ilemp. 

Chdval, Oryza satira. Bice. 

Chhotd dhatura, Xanthium stru- 
marium. 

Chil, Finns longi folia. 

Ckilghoza, Finns Gerardiana. Ge- 
rard’s Pino. 

Chinar, Flat anus orientalis, Plane. 
Chir = Chil. 

Chirdta, Swertia Chirata, 

dAlchInI, Gin n a.mom um zey- 
lanica , Cinnamon. 

Datiira — Dhatiird. 

Deoddr, Cedrus Likani var. deo- 
daar, Himalayan Cedar. 

Dhdk, Butea frondosa. 

Dhan, Oryza satira. Rice. 

Dhania, Coriandrum sativum , Cori- 
ander. 

Dhatri, Woodfordia jlorihunda. 

Dhaturd, Datura Stramonium,. 

Didr — Deodar. 

Drek, Media Azedarach, Persian 
Lilac. 

FALSA = Philsi. 

GAJAR, Daucus carota, , Carrot. 

Gdndhld, Murraya Koenigii, Curry 
Leaf. 


Gdnjd, Cannabis saliva , Hemp. 

Ganna, Sarckarum officinarum, 
Sugar-cane. 

Gauri-phal, llubus sp.. Bramble. 

Guldb, Rosa indica , Rose. 

Gul-achin, Flumeria acutifolia , 
Temple Tree. 

Giilar, Ficus glomerafa. 

Gul-i-ddiidl, Chrysanthemum, sp., 
Chr vsa nt h e m u m . 

Gul-khaird, Althaea rosea , Holly- 
hock. 

Gulmohr, Poinciana. regia , Gold- 
Mohur Tree. 


HALDf, Curcuma longa. Turmeric. 
Halim, Lcpidivm sativum. 

Harir, Tcrminalia Che hula , Myro- 
balans (fruit). 

Harmal, Fc.ganum Harmala . 
Hashish, Cannabis satira. 

Hound, Lawsonin incrmis. 

Hhtg, Ferula A ssa ■ foetida, Asa- 
foetid a. 


TMLf Amli. 
Ispagiil, Flantago sp. 


JATPHAL, Myristica fragrans. 
Nutmeg. 

Jal-khumbi, Fistia Straliotes. 

Jdman — Jambii. 

Jambii, Eugenia Jambos. 

Jangli am, Spoiidias mangifera. 

Juar, Sorghum vulgar e. 

K ACRAL!?, Colocasia antiquorum. 

Kachndr, Bauhinia variegala. 

Kadam, Nauclea Cadamba = An - 
thocephalus Cadamba . 

Kaddu, Lagenaria vulgaris , Bottle- 
gourd; also Cucurbita Pepo , 
Vegetable Marrow, Pumpkin. 

Kdfur, Cinnamomum C amphora, 
Camphor. 



INDEX OF VERNACULAR NAMES. 


629 


Kail, Firms excelm , Bhotan Pine. 

KAjii, Anacardium occidentale, 
Cashew-nut. 

Kamad, fine char urn ojficinarum , 
Sugar Cane. 

Kama], Nelumbium speciosum , 
Lotus. 

Kamrakh — Kamrang, Averrhoa 
Cara m bola. 

Kaner, Ncrium odorurn , Oleander. 

KapAs, Gossypium , Cotton. 

KarelA, Momordica Charanlia. 

Karil, Capparis aphylla. 

Karonda, Carissa car an das. 

KAth-bcl, Feronia clephantum , 
Elephant Apple, Wood Apple. 

Kat.ha, Acacia catechu, Cutch. 

Kela, Mum spp., Banana, Plan- 
tain. 

Kosar, Crocus saiivus , Saffron. 

Khajiir, Phoenix sylvestr is, P. dac- 
tylifera , Date Palin. 

Khanor == Bankhor. 

Kharata — Sanatta. 

KhnrbiizA, Cucumis Melo , Melon. 

Khas-khas, Andropogon muricatus , 
A . squarrosus . 

Khatti biiti, Oxalis spp., Wood 
Sorrel . 

KhlrA, Cucumis sativus , Cucumber. 

Khirak, Celtis australis. 

Kuehhi, Btrychnos Nux-vomica , 
Nux-vomiea. 

KulhAri, Gloriosa superha. 

Kumbi, Careya arborea . 

Kumra, Cucurbita Pepo, Vegetable 
Marrow, Pumpkin. 

Kusurn, Carthamus tinctorius , Saf- 
flower. 


LAJVANTI, A/imosa pudica, Sen- 
sitive Plant. 

Lakuch, Artocarpus Lakoocha. 

Lai chandan, Pterocarpus santa - 
linus. 

LAI rairch. Capsicum annuum , 
Chifly. 

Lassan, Allium sativum , Garlic. 


Las lira, Cord.ia myxa. 

Lavang, Eugenia caryophyllata , 
Cloves. 

Llehi, Litchi chincnsis, Litehi. 

Li mii — Nimu, Citrus medica var. 

L i mo?/ um , Lem on . 

Longan, Nephelium Longana. 


MAD A It - Mudar. 

Mahwa, Bassia laii folia. 
j Maindi = Henna, Lawsonia iner- 
| mis. 

! Majmin — Bed -i-Maj min. 

! Makai — Bhuttii, Zea Mays , 

; Maize. 

Mamphal, Anona muricata , Sour- 
j sop. 

j ManduA, Elensine coracana. 
Manjeeth, llubia cordifolia. 

Mash, Phaseolus radiatus. 

Masiir, Ervum. lens — Lens escu - 
lento, Lentil. 

Matar, Pisum sativum. Pea. 

Methi, Trigonella Foenum-Grae- 
curn , Fenugreek, 
i Mhar, Caryota urens. 

| Mitha Alii, Ipomoea Batatas , Sweet 
j Potato. 

i Moth, Phaseolus aconitifolius . 
MudAr, Calotropis gigantea. 

Mull, Raphanus sativus , Radish. 
Mung, Phaseolus Mungo. 

Mung phali, Arachis hypogaea , 
Ground-nut. 


NAG-PRANA, Opuntia Dillenii. 

. Narangi — Naranji, Citrus Aur- 
antium , Orange. 

| NAryal, Cocos nucifera . , Coco-nut. 
I NAspAtl, Pyrus communis , Pear. 

; Neoza — - Chilghoza. 

J Nil, Indigofera spp., Indigo. 
I/Nim, Azadirachta indica. 

! Nimu — Limii, 


OGAL — OgalA, Fagopyrum escu • 
lentum , Buckwheat. 
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PAN, Piper Belle , Betel (leaf). 

PapayA, Carira papaya , Papaw. 

Phalsa— FAlsA, Orewia asiatira. 

PMphar, Fagopyrum tataricum. 

PiAz, Allium Cepa , Onion. 

Pipal, Ficus religiosa. 

Pista, Pistacia vera , Pistachio-nut. 

Poduk, Pterocarpus dalbergioides , 
Andaman Red Wood. 

Post, Papaver somniferum, Opium 
Poppy. 

PudinA = PodlnA, Mentha sp., 
Mint. 

QAHVA, Coffea arabica, Coffee. 

RAGI = ManduA. 

Rambutan, Nephelium lappaceum. 

RAm phal, Anona reticulata , Bul- 
lock’s Heart. 

Rati, Abru8 precatorius , Crab’s 
eyes. 

RfthA, Sapindus detergens , Soap- 
nut. 

RudrAksh, Elaeocarpus Oanitra. 

Rul : 

SAFEDA, Populus sp., Poplar. 
Saled chandan = Sandal, San- 
talum album , Sandal-wood. 

Sagon — Sagun, Tectona grandis , 
Teak. 

SA1, Shorea robusta . 

San, Crotaloria sp. 

Sanatta = Kharata, Dodonaea vis- 
cosa . 

Sandal — Safed Chandan. 

SAnpbutI, Arisaema Wallichianum 
and other spp. Cobra or Snake 
Plant. 

Sarson, Brassica campestris, var. 
Sarson. 

Sarv, Cupressus sp., Cypress. 

Saunf, Foeniculum vulgare , Fennel. 

Seb, Pyrus malus , Apple. 

Sem, Dolichos Lablab , Lablab. 

Shaft Aid = Ani. 

Shakarkandi — MithA Alu. 


Shalgam, Brassica campestris var. 

* Rapa , Turnip, 
i Shalmall = Simal. 

Sharif A, Anona squamosa. Custard- 
apple. 

Shisham, Father gi a Sissoo. 

Siah mirch, Piper nigrum , Pepper. 

Simal, Bombax malabaricum. 

SingharA, Trapa bicornis , T. 
naians. 

Sirls, Albizzia Lebbek. 

SltA phal = Sharif A. 

SoA, Peucedanum graveolens , 

SoanjanA, Moringa p ter y gasper ma. 

SolA, Aeschynomene aspera. 

Supari, Areca Catechu , Betelnut 
Palm. 

Suraj-mukhi, Helianthus annum f 
Sunflower. 

TAL, Borassus flabellifer. Palmyra 
Palm. 

Tali — Tara, Corypha umbraculi- 
fera , Talipot Palm. 

Tamarhindi — Amli. 

TambAku, Nicoliana tabacum , To- 
bacco. 

Tara — Tali. 

Tarbuza, Citrullm vulgaris. Water- 
melon. 

Tejbal = Tirmar. 

Thuner, Taxus baccata , Yew. 

Til, Sesamum indicurn. Sesame. 

Tirmar, Zanthoxylum alatum. 

Torai, Luff a acutangula. 

Tulsi, Ocimum sanctum. 

Tun, Cedrela Toona, C. serrata. 

Tdt, Morus sp. Mulberry. 

VAKUL = Bakul. Mimusops 

Elengi. 

VilAyatl baingan, Lycopersicum 
esculentum , Tomato. 

ZAFRAN = Kesar. 

Zardalu, Prunus armeniaca , 

Apricot. 

ZIrA, Cuminum Cyminum, Cumin 
seed. 
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ABKUi S', Crab’s Eye, Rati, 337 
Absciss layer, 157 
Absorbed solutions, Course of, 176 
Absorption bands, 191 

— Selective, 176 
Abutilon, 273, 347 
Acacia , 141, 152, 337 
Acanthaceae, 362 
Accessory buds, 82 
Achene, 289 
Aehenial fruits, 289 
Achlamydeous, 237 
Aconitum , 327 
Acquired characters, 582 
Acropetal succession, 11 
Actinomorphic, 240 
Adansonia , Baobab, 347 
Adaptation to aerial conditions, 

463, 486, 619 

environment, 9, 17, 151, 

155, 230, 258, 461, 611, 
538, 554, 602-4 

Adaptive characters, 462, 604 
Adelphous condition, 249 
Adkatoda , 364 
Adhesion, 258 
Adonis , 325 
Adventitious buds, 81 

— embryos, 285 

— roots, 72, 88, 122, 397 
Aegicera8 f 572 

Aegle f Bel, 339 
Aercnchyma, 572 
Aerial roots, 390 
Aerobio bacteria, 550 

— respiration, 201, 542 
Aerophytes, 559 
Aeschynomene , Shola, 337 


:, vernacular nmnes in heavy type. 

Aestivation, 150, 247 
Agar tens , 4, 542 
Agave, 384, 385 

Aggregate fruits, 288, 289, 296 
Agrimonia , 569 
Agrimony, 300 
Air-bladders, 511 

— spaces, 232, 565 
Ajuga , 357 

Alae, 246 
Albizzia , Siris, 337 
Albumen, 70 

Albuminous cells, 436, 438 

— seeds, 70, 76, 285 
Alburnum, 114 
Alchemilhiy 569 

Alcoholic fermentation, 522, 531, 

541 

Alder, 138, 300, 308 
Aleuronc grains, 41, 198 

— layer, 71 
Algae, 4, 490 
Alhagiy 338 
A lisma, 284 
Alkaloids, 36, 39 
Allelomorphs, 597 
Allium , Pi4z, 384 
Allogamy, 271 
Almond, 294, 331 
Alnus (see Alder), 306 
Alocasia, 381 

Alpine plants, 232, 556, 575 
Alsinoideae, 323 
Alternate leaves, 141 
Alternation of generations, 414, 
459, 485, 492 

parts, 239 

Althaeay Gul-khairA, 347 
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Altitudinal zonation, 576 
Am ary 1 i idaceae, 384 
Amaryllis, 384 
Amentaceae, 310 
Amentum, 263 
American water-weed, 188 
Amides, 35, 38, 194 
Amphibious plants, 566 
Amphigastria, 469 
Arnphithecium, 476, 484 
Amygdalin, 36 
Amylopectin, 40 
Amyloplast, 34 
Anabolism, 14, 195 
Anacardiaceae, 342 
Anacardium , KAju, 342 
Anaerobic bacteria, 550 

— respiration, 202, 542 
Analogous members, 18, 478 
Analogy, 17, 18, 462 

A nap kalis, 371 
Anatomy, 2 

Ancestral characters, 463, 567, 589 

— heredity. Law of, 589 
Androecium, 235, 247 
Andropogon , Khas-khas, 375 
Androsace, 575 
Androsporarigia, 509 
Androspores, 509 
Ancilema , 382 

Anemone, 324, 569 
Anemophilous, 272 
Angiosperm and Gymnosperm, 
441,454,465 

Angiosperms, 5, 253, 270, 302 

— Classification of, 302 

— Embryo of, 65 

— Evolution in, 465, 466 

— Gametophyte of, 457 

— Homologies in, 454 

— Leaf of, 137 

— Life-history of, 270 
— - Reproduction of, 270 

— Root of, 122 

— Seed of, 65 

— Sporangia and spores of, 454 

— Sporophyte of, 454 

— Stem of, 79 

Angle of divergence, 142 


' Aniline sulphate, 31 
. Animal and Plant, 13, 15 
i Annual rings, 1 1 1 
Annuals, 84, 561 
I Annular thickening, 28 
| Annulus, 405, 483 
! Anonaceae, 327 
; Anther, 247, 250 
Anthcridial cell, 443, 446 
; Antheridiophore, 469 
Antheridium, 409, 426, 469, 473, 
481, 505 

— Development of, 410, 473, 481, 
505 

Antherozoid, 410 
Anthocephalus , see Naudea 
Antipodal cells, 257, 457 
j Antirrhinum , 362 
| Antithetic theory of alternation, 
487 

| Apetalac, 304 
| Apheliotropism, 221 
Apical cell, 403, 480, 481 

— meristem, 49, 98 , 118, 126, 433, 

435 

Aplanogametes, 501 
Apocarpous, 241, 253, 467 
Apocynaceae, 354 
Apogamy, 285, 415, 533, 538 
Apophysis, 440, 482 
Apospory, 415, 479 
Apostasias, 391 
Apostrophe, 219 

! Appendages {see Outgrowths), 9, 
248, 356 
Apple, 331 

Apposition theory, 30 
Apricot, 294, 331 
Aquilegia, 325 
Araceae (Aroideae), 380 
Arachis (Ground Nut), Mungphali, 
69, 336 

Arehegonial chamber, 453 
Archegoniatae, 486 
Arehegoniophore, 469 
Archegonium, 409, 425, 469, 481 

— Development of, 411, 473, 481 
Archesporium, 407, 417, 423, 442, 

455, 456, 476, 485 
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Arehiearp, 528 

Archiohlamydeae, 304, 305, 408 
Arctic plants, 575 
Ardisia, 354 
Arem, Supirf 
Arenaria , 575 
Aril, 00, 287, 209, 300 
Arisnema, S£np But!, 381 
Aroids, 574 
Arrowhead, 500, 507 
“ Artillery Plant," 313 
Artocarpus , 314 
Arum , 42, 203 
Ascoearp, 529, 533, 538 
Ascomyeetcs, 531 
Ascosporc, 528, 530, 532 
Aseus, 528, 530, 532, 537, 539 
Asexual reproduction, 10, 415, 
491, 494, 503, 507, 523 
Ash, 82, 289 
Ash of plants, 100, 102 
Asparagin, 38, 194 
Asparagus , 93, 117, 383 
Asphodel, 384 
Aspklium (see Fern), 395 
Assimilation, 13, 100, 185, 213 
Atriplex , 319 
Atropa , 360 
Atropine, 36 
Autogamy, 271 
Autotrophic bacteria, 551 
Autumn wood, 111 
Auxanomcter, 210 
Avert hoa, Kamrakh 
Avicennia, 572 
Axil of leaf, 80 
Axillary bud, 120 
Azotobacter , 550 
Azygospore, 502, 522 


BACCATE fruits, 295 
Bacillus, 547 
Bacillus subtilis , 552 
Bacteria, 4, 166, 175, 546 
Bacteroids, 213 
Balanophora f 211 
Balsam, 292, 301, 344 
Balsaminaccae, 344 


Bamboo, 372 
Banana, 50, 296, 387 
Banyan. 138, 141, 315 
Barberry, 151, 227, 270 
Bark, 107, 115, 133 
Baric ria, 364 
Barts ia, 212 

Basidiomycetes, 519, 542 
Baaidiospore, 543 
Basidium, 544, 545 
Bassia , Mahwa 
Bast, 51, 04 
Bast-fibres, 51, 108 
Bateson, 583, 584 
Bauhinia , Kachnar, 337 
Beach-jungle. 573 
Bedstravv, 276 
Beech, 81, 83, 115, 138, 286 
Beet, 124, 133, 320 
Belladonna, 300 
Bennett iteae, 405 
Berber is, 569 
Berry, 295 
Bela , 319 
Betel -leaf, P£n 
Betel-nut Palm, Areca> 380 
Betula ( sec Birch), 308, 575 
Botulaceae, 306 
Bicollatoral bundles, 105 
Bidens, 300, 372 
Biennials, 84, 561 
Bifacial leaf, 10, 153 
Bi foliar spurs, 433 
Bigmmia , 299 
Bilateral symmetry, 10 
Biometry, 579, 585, 588, 601 
Birch, 115, 299, 306, 308 
Bird’s-nest, 212 

— -nest Orchid, 212, 394 
Bittersweet, 250 

Black Bryony, 119, 225 

— Nightshade, 360 
Blackberry, 85, 276, 297, 331 
Bladderwort (see Utricular ia) f 214, 

215 

Bleeding of plants, 178 
Bloom, 60, 230 
Blue-bell, 292 
Boehmeria , 314 



634 


INDEX. 


Bog- Asphodel, 299 

— -moss, 570 

— Plants, 507, 570 

Bombax , Cotton -tree, Slmal, 347 
Borassus , Palmyra Palm, 379 
Bordered pits, 29, 435 
Bottle Gourd, 367 
Bracken {see Pteris ), 396, 397, 401, 
402, 406, 408 
Bract, 139, 236, 237 

— -scale, 440 
Bracteole, 237, 374 
Bramble, 297 

Branching, Forms of, 11, 82 
Brassica , 330 
Brazil-nut, 41, 290 
Brinjal, Baingan 
Broom, 274, 301 
Bruguiera , 572 
Bryony, 92, 119, 225, 227 
Bryophyta, 4, 8, 469 

— and Pteridophyta, 486 
Buckwheat, 316 
Bud-Bcales, 32, 138 
Buds, 80-2, 207, 270 
Bugle, 357 

Bulb, 89, 90, 139 
Bulbil, 86, 270, 385 
Bullock’s Heart, Ramphal, 328 
Bundle-sheath, 53, 64, 95 
Bundles, 63 
Bupleurum, 352 
Bur Marigold, 300 
Burdock, 300 
Burs, 300 

Butcher’s Broom, 92, 117, 383 
Butea , Dh&k, 336 
Buttercup, 235, 276, 325 
Butterfly -flowers, 277 
Butterwort {see Pinguicula), 214 
Buxus, Box, 342 


CABBAGE, 330 
Cactaceae, 93, 349 
Cactus , 238, 242, 349 
Caesalpineae, 332 
Caffeine, 36 

Calamus , Rattan, Bet, 85 


Calceolaria, 362 

Calcium carbonate, 32, 42. 57 

— oxalate, 32, 42, 195, 521 
Callilriche, 103, 188, 566 
(’alius, 54, 120 
Calyptra, 475, 484 
Calyptrogen, 127 
Calyslcgia , 225 

Calyx, *235, 242 

— -tube, 241, 256 
Cambial cells, 21, 107, 108 
Cambium, 49, 107, 108, 130 

— -ring, 107, 434 
Camellia , Ch&i 
Campanula , 292, 208, 569 
Campanulaceae, 56 
Camphor, Kafur, 329 
Campion, 240, 298, 323 
Candytuft, 263 
Cane-sugar, 39, 186, 199 
Canna, 76 

Cannabis , Bhang 
Caoutchouc, 56 
Cap-cells, 456, 506 
Capillarity, 184, 558 
Capitulum, 264 
Capsella , 283, 330 
Capsicum , L&l mirch, 360 
Capsular fruits, 290 
Capsule of sporogonium, 476, 479, 
482 

Capsules, 292 
Caraway, 293 

Carbohydrates, 22, 39, 186, 197, 
199 

Carbon -assimilation, 13, 185, 188, 
201 

Carbonate of lime, 32, 42, 57 
Carcerulus, 293, 357 
Cardamine, 82 
Cardiospermum , 343 
Carex , 568 
Careya , 569 
Carica , Papaya 
Caricaceae, 349 
Carina, 245 
Carissa , Karondd 
Carnivorous Plants, 214 
Carotin, 35, 190 
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Carpel, 235, 251, 441 

Carpinus (see Hornbeam), 306 

Carpophore, 293, 294 

Carrot, 35, 124, 300, 352 

Carthamus , Kusum, 371 

Caruncle, 287 

Caryophyllaceae, 245, 323 

Caryopsis, 289 

Caryota , Toddy Palm, 378 

Cashew. nut, Kdju, 343 

Cassia , Amaltas, 337 

Gassy lha , 211, 328 

Castanea (see Chestnut), 306 

Castor-oil seed, 41, 69, 287, 341 

Cataphyll, 138 

Catkin, 263, 306 

Caudicle, 393 

Cauliflower, 330 

Cauline bundles, 97 

Cedar, Cedrus, Deod&r, 4, 431 

Cedrela , Tun 

Celandine, 56, 76 

Cell, 6, 19 

* — -contents, 33, 38 

division, 25, 26, 43, 507 

formation, 43 

— Forms of, 27 

— - -fusion, 27, 37 

plate, 45 

sap, 33, 38 

— -wall, 6, 12, 22, 27 

— Young, 21, 33 
Cellular plants, 20 

— structure, 19 
Cellulose, 22, 78, 198, 199 
Celsia , 362 

Celtis , Khirak, 314 
Censer mechanism, 298 
Centaurea , 369 
Centric leaf, 10, 156 
Centrosphere, 26 

“ Century Plant ” (see Agave), 384, 
385 

Ceratophyllum , 567 
Chalaza, 257 

Chalazogamic fertilisation, 282 
Chalk -glands, 63 
Chelidonium , 56 
Chemical processes in soil, 175 


Cheinotaxis, 218 
Chemotropism, 281 
Chenopodiaceae, 3 1 9 
Chenopodium , 319 
Cherry, 57, 239, 294 
Chervil, 300 
Chestnut, 306, 310 

— Horse, 58, 81, 153, 292 
Chickweed, 232, 279, 323 
Chicory, 372 
Chlamydomonas , 4, 493 
Chlor-zinc-iodine, 22 
Chlorophyceae, 490 
Chlorophyll, 13, 16, 34, 190 

— -bands, 500 

— corpuscles, 34 
Chloroplasts, 6, 34, 60, 494, 503 
Chlorotic condition, 162, 191 
Chorisis, 259 

Christi8onia , 211 
Chromatin network, 25 
Chromatopliores, 35, 500, 513 
Chromoplast, 35 
Chromosome, 43, 44, 414, 580 
Chromosomes, Reduction of, 45, 
414,492 

Chrysanthemum , Gul-i-d&fidl 
Cicer, Chan&, 336 
Cichorium , 372 
Cilia, 48, 412, 473, 493 
Cinchona , 365 

Cinnamornum, DAlchfni, 329 
Circulation of protoplasm, 205 
Circumnutation, 207 
Citronella, 375 
CitrvXluSy Tarbdza, 367 
Citrus , 338 
Cladode, 92 
Class, 303 

Classification, 2, 3, 303, 559 

— of the Plant Kingdom, 3 
Claviceps , 533 

Claw, 245 
Cleavers, 85 

CleistogamouB flowers, 279 
Clematis , 115, 299, 324 
Climatic factors, 555 
Climbing plants, 85, 573 
Clinostat, 224 
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Closed bundles, 118 Continuous variations, 302, 583* 

Clostridium, 550 585. 502 

Clover, 205, 220 Contractile vacuole, 403 

Club-mosses, 4, 428 Convolvulaceae, 211, 355 

Cobalt test for water-vapour, 184 Conrolrulus , 225, 355 


Cocci, 204, 547 
Coco-nut, 205, 379, 573 
Coefficient of correlation, 590 

heredity, 590 

variation, 587 

Coenocvte, 48, 56, 503 
Coenocytic structure, 503, 517 
Coffea, Coffee, Qahva, 74, 365 
Cohesion, 258 
Collateral bundles, 96 
Collecting cells, 155 
Collenchyma, 51, 64, 04 
Colloids, 23 

Colocasin , Taro, Kach&lu, 381 
Colocynth, 367 

Colouring-matters, 35, 39, 190, 

400 

Colours of flowers, 34, 35, 276 
Columbine, 325 
Columella, 483, 521 
Combinations, 599, 603 
Comma, 547 
Commelinaceae, 381 
Common bundles, 96 
Companion cells, 55, 63, 112, 118 
Compass plants, 222 
Compositae, 56, 299, 367 
Composite fruits, 297 
Compound leaf, 144, 148 
Concentric bundle, 102, 421 
Conceptacle, 511 
Conducting tissue, 15, 479 
Cone, 431 
Conidiophore, 527 
Conidium, 519, 524, 543 
Conifer, 431 
Coniferin, 36 
Conjoint bundles, 63, 95 
Conjugatae, 503 

Conjugation, 43, 48, 496, 501, 521 
— * -tube, 501 

Conjunctive tissue, 101, 117 
Connective, 247 
Contact as a stimulus, 226 


Copra, 370 

Cordaiteae, 466 

Cor dia, Lasurd 

Conundrum, Dhania, 352 

Cork, 52, 114, 157 

— -cambium, 111, 114, 120, 434 

Cor m, 88, 564 

Corncockle, 277 

Corolla, 235, 237, 244, 467 

Corona, 247, 385 

Correns, 594 

Cortex, 64, 94, 08, 101, 104, 479 
Cory dal is, 575 
Corylus ( sr.e Hazel), 306 
Corymb, 262 

Corypha , Talipot, Till, 377 
Costa, 352 
Cotonraster , 296 
Cotton, 345 

Cotyledons, 66, 69, 77, 138, 282, 
413, 448 

t /Over-scaln -440-- 
-4Sow vyheat, 212 

Cowslip, 236 
Cremoearp, 293 
Cress, 76 

Crocus, Kesar, Z&fr&n, f 
Cross-fertilisation, 272 

pollination* '272 ? 

CrotolariasS&ol, 336 ' 

Croton , 541 , 

Cruciferae, 240, 276, 329 
Cryptogam, 5, 20, 305, 432 
Cryptostomata, 511 
Crystalloid, 41 

Cucumber, Kaddti, 295, 301, 367 
Cucurbitaceae, 366 
Culm (= Haulm), 79 
Cuminum , Zfrd, 352 
Cupule, 290, 470 
! Cupuliferae, 306, 307 
! Currant, 110, 276, 295 
| Curve of probability, 587 
I variability, 580, 587 
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Cuscvta, Ak&shbel, 211, 355 
Custard apple, Sharifa, 327 
Cuticle, 31, 52, 59, 150 
Cuticularisation, 31 
Cutin, 31 

Cutinised tissue, 52, 59 
Cuttings, 121 
Cvanophyeeae, 490 
Cyanotis , 382 
Cyatkium, 268 
Cyeadofilices, 465 
Cycadophyta, 465 
Cyeads, 451, 465 

— and Ferns, 465 
Gycas, 451, 551 

Cyrnose branching, 11, 82, 88 

— head, 267 

— inflorescences, 265 
Cynara , Artichoke, 372 
Cy perns, 508 
Cypress, 4, 440 
Cypripedinm, 391, 394 
Cypsola, 289 
Cystolith, 32 
Cytase, 199 
Cytology, 2, 580 
Cytoplasm, 21, 581, 583 


DAFFODIL, 385 
Dahlia, 39, 124 
Daily period of growth, 210 
Daisy, 237 

Dalbergia, Blackwood, Shlsham, 
337 

“ Damping-off,” 523 
Dandelion, 82, 372 
Darwinism, 462, 583, 602 
Date, 75, 198, 295, 380 
Datura , 292, 359 
Daucus, G&jar, 352 
Dead-nettle, 86, 356 
Deadly Nightshade, 360 
Dcbregeasia , 314 
Decussate, 141 
Deferred shoot, 81 
Definite branching, 11 
Dehiscence of capsules, 292 
Delphinium, 327 


Dendrobium, 394 

Dermatogen, 98, 99, 101, 118, 126 

Desm, odium, 334 

Desmogen strand, 100 

Determiner, 580 

De.utzia, 299 

Development, 2 

- - of lateral rootlets, 1 34, 402 
tissues, 98 

De Vries, 583, 584, 594 
Diageotropic, 223 
Diaheliotropism, 221 
Diandrae, 391 
Dianthus , 324 
Diastase, 199 
Diaster stage. 44 
Dichasium, 265 
Dichogamy, 273 

Dichotomous branching, 1 1 , 469, 
513 

Dichotomy, False, 82, 265 
Diclinous, 238 
Dicotyledon, 5, 304 

- - Apical meristem of, 98 

- Embryo of, 282 

- Flowers of, 239 

- Origin of, 465 

— Primary stem -structure of, 94- 

101 

— Root-system of, 122 

• Secondary growth in, 107 

- Seed of, 65 

-■ Stclar system in, 101 
Dictyostelic condition, 104, 400 
Didynamous stamens, 250, 361 
Differentiating characters, 594, 
597, 6(H) 

Differentiation, 6, 7, 9, 20, 26 

— of sex, 418, 427, 515 

tissues, 98, 118, 126 

vascular bundles, 99 

Digestive glands, 57 

— sac, 134 
Digitalis, 362 
Di-hvbrid crosses, 697 
Dilleniaceae, 347 
Dimorphism, 246 
Dioecious, 238 
Dionaea , 215 
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Diphenylamine test, 195 
Diploid, 416 
Dipsacus , 569 
Dipterocarpaceae, 348 
Disc, 264 

Discontinuous variations, 583, 588 
Dispersal of seeds and fruits, 298 
Displacement of parts, 259 
Dissimilar members, 9 
Distribution of Plants, 555 
Diurnal sleep, 220 
Division of labour, 7, 499 

nucleus, 25 

Dock, 42, 299, 316 

Dodder, 211, 226 

Dodonaea , Sanatta, 344 

Dogwood, 294 

Dolichos, Lablab, 336 

Dominant characters, 594, 595, 600 

Dormant buds, 81 

Dorsi ventral, 11, 208 

Double fertilisation, 282 

— samara, 294 
Dracaena , 119, 383 

“ Drawn plants,” 190 
Drip-tips, 560 
Drosera, 214, 227 
Drupe, 294 
Duckweed, 92, 565 
Duplex, 600 
Duplication, 317 
Duramen, 114 
Dwarf male plants, 509 

— shoot, 84, 433 


ECOLOGY, 3, 554 
Ectophytic, 213 
Ectoplasm, 504 
Edaphic factors, 555 
Egg-apparatus, 257, 457 
Egg-plant, Baingan 
Elaborated compounds, 1 93 
Elater, 476, 486, 487 
Elaterophore, 476 
Elder, 111, 115, 266, 294 
Eleocharis , 568 
Elephantopus , 371 
Elm, 82, 83, 238, 289, 299, 314 


Elodea, 103, 188, 205 
Etnbelia , 354 

Embryo (see under Types), 65, 
282, 412, 426 

— Adventitious, 285 

— Development of, 282, 412, 426, 

446 

— sac, 257, 428, 441, 456 
Embryonal mass, 282 
Emergence, 62, 125 
Enchanter’s Nightshade, 276, 300 
Endarch, 127, 421 

Endemic species, 575 
Endocarp, 294 

Endodermis, 53, 64, 95, 101, 104, 
117, 123, 129 

Endogenous development, 134 
Endophytic, 213 
Endosmosis, 171 
Endosperm, 70, 285, 447 

— Development of, 284 

nucleus, 282, 285 

Endospore, 521 
Endosporium, 406, 528 
Endothecium, 476, 484 
Energid, 20 

Energy, 13, 204 
Entomophilous, 272 
Envelope cell, 475 
Environment, 218, 555 

— Adaptation to, 9, 17, 151, 155, 

230, 258, 461, 511, 538, 554 

— Direct action of, 463, 581, 592, 

605 

Enzymes, 197, 198 
Ephemerals, 562 
Epibasal, 412, 426, 475, 484 
Epicalyx, 243 
Epicarp, 294 
Epidermal cells, 59 

— hairs, 58 

— outgrowths, 62 

— system, 59, 101 

Epidermis, 51, 58, 94, 154, 181, 479 
Epigyny, 242 
Epinasty, 208, 218 
Epipetalous stamens, 249 
Epiphytes, 233, 559, 573 
Epiphytic adaptation, 390, 573 
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Epiplasm, 529 
Epistrophe, 219 
Epithelial layer, 58 
Epithem tissue, 63, 157 
Equisetum , 4, 417 
Ergot, 533, 534 
Ergotin, 536 
Ericaceae, 213, 353 
Eriocaulons, 569 
Eriodendron, Kapok, 347 
Erysiphales, 531 
Essential elements, 161 
Etaerio, 296 
Ethereal oils, 35, 42, 58 
Etiolated plants, 190, 221 
Etiolin, 190 
Eucalyptus , 351 
Eugenia, J&man, Lavang, 351 
Euphorbia, 56, 268, 339 
Euphorbiaceae, 93, 339 
Eurotium , 4, 526 
Eustele, 105, 433 
Evening Primrose, 277 
Evergreens, 61, 150, 563 
Evolution in Angiosperms, 463 

— - — flower, 465 

higher plants, 463 

sporophyte, 486 

— theory, 460, 579, 582, 602, 605 ! 

E volvulus, 356 j 

Exacuni , 569 

Exalbuminous seed, 70, 77, 286 t 

Exarch, 127, 421 

Excretions, 15, 36 

Exine, 251, 439 

Exodermis, 129 

Exogenous development, 120, 156 
Exosmo8is, 170 
Exosporium, 406, 528 
Exotropic, 223 
Explosive fruits, 301 
Extrafloral nectary, 57 
Extrorse, 250 
Eyebright, 212 


FACTORS, Germinal, 580, 605 ! 

- Lethal, 601 

— Mendelian, 590, 595, 600 


Factors, Origin of, 604 
Fagaceae, 306 
Fagalos, 306 
Fagopyrum, 316 
False axis, 82 
- — dichotomy, 82, 265 

— fruits, 288 

— septa, 256, 291 

— tissue, 517 
Families, 305 
Fascicle, 268 
Fats, 41 

Fatty acids, 41, 195 

— oils, 41 

“ Feeder,” 427 
Fehling’s test, 196 
Fermentation, 197, 522, 531, 541 
Ferments, 38, 67, 197 
Fern, 395, 466 

— Embryo of, 413 

— Leaf of, 404 

— Life-history of, 415 

— Rhizome of, 396, 397, 401 

— Root of, 401 

— Stem of, 395 
Feronia, K&th-bel, 339 
Fertilisation, 48, 280, 411, 426, 

446, 453, 482, 506, 515, 525 

— -tube, 525 
Ferula, Hing 

Fibro-vascular bundle, 64, 94 

Fibrous layer, 250, 455 

Ficus , Plpal, Bar, Anjfr, 316, 340 

Fig, 297 

Figwort, 276 

Filament, 247 

Filial regression, Law of, 588 
Fimbristylis, 568 
Fir (see Pinus), 431 
Fission, 548 

fungi, 646 

Fixed light position, 222 
Fixing organ, 506, 510 
Flag, 386 
Flagellatae, 496 
Flagellum, 493, 548 
Floral diagrams, 259 

— envelopes, 237 

— formulae, 260 
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Floral leaves, 93, 235, 240 

— ■ mechanisms, 274 

— structure. Modification of, 258, 

467 

Florets, 369 

Flower, 8, 93, 234, 302, 450, 454, 
466 

Flowering Plants, 5 

and Vascular Cryptogams, 

460 

Fluctuations, 463, 591, 592 
Foeniculum , Saunf, 352 
Foliage leaves, 15, 137, 139, 489 
Foliar gaps, 105, 397 
Follicle, 290 

Food-materials, 12, 66, 78, 160 

Foot, 413, 427, 470, 474, 479, 482 

Forest vegetation, 576 

Formic aldehyde, 185 

Fragaria , 331 

Fragmentation, 25, 501 

Free cell -formation, 43, 47, 529 

Freesia , 386 

French Bean, 69 

Frequency, 585 

— Normal Curve of, 587 
Frog-bit, 565, 566 
Fruits, 288, 468 

— Classification of, 288 

— Dispersal of, 298 
Fucus , 4, 510 
Funaria , 4, 478 
Fungi, 4, 517 
Funicle, 256 
Fusion of parts, 259 


GALIEAE, 364 
Gal ton, 579, 590 
Gametangia, 491, 501, 521 
Gametes, 17, 48, 281, 410, 414, 
443, 446, 491, 501, 521, 525 
Gametic coupling, 600 
Gametophores, 521 
Gametophyte, 414, 418, 427, 429, 
443, 457, 469, 478, 486 
Gamopetalae, 304 
Gamopetalous, 244 
Gamosepalous, 242 


! Garden Nasturtium, 62 
Garlic, 384 
Gaultheria , 354 
Gemma, 414. 470, 479 
j Gemmation, 540 
Generative cell, 280, 446 
j Genes, 580 
! Genetics, 579 
Genetic spiral, 142 
: Genliana , 569 
j Genus, 303 
I Geophvtos, 559 
; Geotropism, 223 
j Geranium , 276, 294 
I Germ-cells, 579, 590, 595-8 
: — -plasm, 579, 580 
, — -tube, 408, 521 
Germinal factors, 580, 605 
Germination of pollen-grain, 280, 
443 

seed, 66, 67, 72, 159, 229 

spores, 408, 424, 477, 522 

“ ( Jerms,” 408 
Ginkgo , 453 

Girardinia , Bichhu Buti, 313 

Glandula, 393 

Glandular hairs, 42, 58, 62 

— tissue, 57, 64 
Glass-wort, 319 
Globe-flower, 325 
Globoid, 41 

Gloriosa , Kulh&rf, 85, 383 
Glucose, 36, 38 
Glucosides, 36 
Glumes, 374 
Glycerine, 41, 195 
Glycogen, 518 
Gnetaceae, 466 
Golden Saxifrage, 276 
Gongrosira, 505 
Gonidangium, 520 
Gonidium, 519 
Goose-grass, 300 
Gooseberry, 152, 295 

— mildew (see Fphaerotheca ), 531 
Goosefoot, 319 

Gorse, 92, 201, 301 
Gossypium, Kap&s, Etil, 345 
Gourd, 73 
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Laburnum, 115 
Laciuca , 372 
Lady’s Mantle, 245 

— Smock, 82 

— Tresses, 394 
Lagenaria, Kaddii, 367 
Lamarck, 582 

Lamarckian Factor, 582, 601 

Lamarckism, 582, 601 

Lamellae, 544 

Lamina, 137, 145, 153 

Laminaria , 513 

Lamium, 356 

Laporlea, 313 

Larch, 4, 440 

Larkspur, 324 

Lastrea , 396 

Lateral branching, 11, 82, 120 

— rootlets, 1 34, 1 35 

— roots, 223 
Latex, 55-7 
Lathy rus, 151, 152 
Laticiferous coenocytes, 56 

— tissue, 56, 64 

— vessels, 37, 56 
Launaea , 573 
Lauraceae, 328 
Lavender, 356 
Leaf, 8, 137, 395 

— Adaptation of, 230 

— Apex of, 156, 157, 179 

— -base, 138 

— Branching of, 144 

— Compound, 144, 148 

— Definition of, 1 58 

— Descriptive terms, 140 

— Development of, 156, 404 

— Duration of, 149 

— Fall of, 1 57 

— Forms of, 139 

— Incision of, 147 

— Insertion of, 141 

— Margin of, 146 

— -mosaics, 231 

— Origin of, 488 
— - Simple, 144 

— Structure of, 138, 151, 152, 404, 

422, 437, 480 

— Texture of, 149 


Loaf -trace, 97, 100 

— Venation of, 142 
Leaflets, 144 
Legume, 291 
Leguminosae, 332 
Lemna , 567 
Lemon, 339 

Lens , Lentil, 336 
Lenticel, 116 
Lecmtopodium 575 
Lepidium , H&lim 
Lesser Celandine, 76, 87 
Lethal factors, 601 
Lettuce, 372 
Leucoplasts, 34 
Lichens, 574 
Lid -cells, 474 

Life-history of a plant, 270, 561 

Light, 13, 189, 190, 219, 557 

Lignification, 31 

Lignin, 31 

Ligule, 62, 419 

Liguliflorae, 368 

Lilac, 82, 138 

Liliaceae, 382 

Lilium , 382 

Lily, 90, 299, 382 

Limb, 245 

Lime, 83, 299, 339 

Limiting factor, 193, 228 

— layer, 512 
Linkages, 600 
Linum , AlsI 
Lipase, 199 
Lipoxeny, 538 
Litchi, 344 
Lithophyte, 232 
Littorella , 566 

Liverworts, 4, 8, 469, 486, 574 

Ijobelia , 273 

Lodicule, 374 

Lomentum, 293 

Loranthaceae, 315 

Lotsy, 605 

Louse wort, 212, 362 

Luff a, Loofah, 367 

Lupin, 301 

Lychnis , 240, 324 

Lycopersicum f 360 
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Lycopodium , 4, 428 
Lysigenous cavities, 37, 58, 118 
Ly thrum , 275 


MAESA, 354 
Magnoliaceae, 328 
Maize, 71, 118, 375 
Male-cell, 281 

— Shield Fern (see Aspidium), 395 
Mallow, 243, 345 

Maltase, 199 
Malt-sugar, 199 , 

Malvaceae, 345 \ 0 

Mangifera , Mango, Am, 343 
Mangroves, 571 
Manihoi , 340 
Maple, 294, 299 
Marchantia, 409 
Marking Nut, Bhil£w& 

Marrow, 307 

— Stem of, 1 05, 1 00 
Marsh Plants, 507 

— Samphire, 319 

— Xerophytes, 567 
Maurandia , 300 
Meadow-Saffron, 89 
Mechanical devices, 274-9, 407 
Mechanism of movement, 229 
Meconopsis, 575 

Medlar, 296 

Medullary rays, 64, 94, 112, 132, 
435 

— region, 512 

— sheath, 108 

Megasporangium, 420, 441, 454 

Megaspore, 420, 441, 454 

Megasporophyll, 441, 454 

Meiosis, 45 

Mclampyrum t 557 

Melia , Drek 

Melon, 295 

Member, 1, 9 

Mendel, 593 

Mendelian characters, 584 

— factors, 590, 595-7, 600 
Mendelism and biometry, 001 
Mentha , Pudind, 356 
Mericarp, 293 


Meristele, 104 
Meristem, 49, 98 

— Apical, 49, 98, 118 

— Intercalary, 49 

— Primary, 49 

— Secondary, 49, 107, 114, 131 
Meristematic cells, 21 

— tissues, 49 
Meroblastic, 446 
Mesocarp, 294 
Mesophyll, 50, 154, 437 
Mesophytes, 500 
Metabolism, 14, 188 
Metallic elements, 197 
Metaphasc, 45. 47 
Michelia , Champak, 328 
Microbe, 540 
Micropylc, 69, 257, 441 
Microsporangium, 420, 425, 441 

454 

Microspore, 420, 425, 441, 454 
Microsporophyll, 441, 454 
Middle lamella, 28, 45 
Milk-tubes, 55 
Millet, 375 

Mimosa , Lajvanti, 227, 337 
Mimoseae, 332 
Mimulus, 362 
Mineral crystals, 42, 57 

— substances, 31, 36 
Mint, 86, 356 
Mistletoe, 82, 212 

Mitosis (see Karyokincsis), 26, 43 
Mode, 585, 589 

Modification of floral structure 
259, 466 

members, 9 

Modifications, 581, 592 
Moll’s experiment, 187 
Momordica , Karela, 367 
Monandrae, 391 
Mon-arch, 421 
Monkshood, 244, 291, 324 
Monocarpollary, 251 
Monocarpic, 561 
Monochlamydeous, 237 
Monoclinous, 238 
Monocotyledons, 5, 73, 372 

— Apical meristem of, 118 
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Monocotyledons, Embryo of, 283 

— Flowers of, 239 
Leaf of, 155 

-- Origin of, 465 

— Root-system of, 130 

— Secondary growth in, 1 19 

— Seed of, 11, 73, 77 

— Structure of stem of, 116 
Monoecious, 238, 509 
Monopodia], 12, 88 

Mon os tele, 105 
Monotropa , 212 
Monstrosities, 583 
Moon-tlower, 356 
Moor, 568 

Moorland plants, 568 
Moraceae, 314, 340 
Morinda, 366 
Moringa , So&njan& 

Morphine, 36 
Morphology, 1, 2 

— External, 6 

— Internal, 2 
Moschatel, 276 
Mosses, 4, 469, 574 

Moth -pollinated flowers, 277 
Mother-axis, 236 
Moulds, 4, 519 

Movements in plants, 205, 217, 
229 

— Nyctitropic, 220 

— of variation, 205 

Mucilage, 32, 37, 41, 57, 451, 473 
Mucor , 4, 519 
Mulberry, 297, 300 
Mullein, 362 

Multicellular formation, 43, 47, 
284, 424, 445 
Murraya , G4ndhel&, 339 
Musaceae, 387 
Musci, 469 
Muscineae, 4, 469 
Mushroom, 542 
Mussaenda , 365 
Mustard, 76, 330 
Mutant, 583 

Mutation Theory, 584, 603 
Mutations, 583 

— Causes of, 604 


Mycelium, 517, 520, 523, 527, 539, 
543 

Mycorhiza, 213, 314, 436, 571 
Myriophyllum , 103, 232, 567 
Myrsinaeeae, 354, 572 
Mvrtaeeae, 350 
Myxopliyceae, 490 


NANNANDItlA, 509 
Narcissus , 267, 384 
Nasturtium , 330 
Nat ural Orders, 305 

— Selection, 461, 602 
Nauclea, Kadam, 366 
Neck-canal-cells, 410, 446, 474, 481 

— of archegonium, 410, 474, 481 
Nectar-glands, 467 

Nectary, 57, 242 
Needles, 433 
Negative pressure, 178 
Neo- Darwinism, 602 

Lamarckism, 601 

Neottia , 213, 394 
Nepenthes , 152, 215 
Nepeta , 356 

N ephdium, Longan, 344 
Neptunia, 334 
Nerium , Kaner, 355 
Nettle, 238, 314 
Neuter flowers, 238 
Nicotiana , 359 
Nicotine, 36 
Nipa f 380 
Nitrates, 163, 194 
Nitrification, 175, 551 
Nitrifying organisms, 175, 551 
Nitrogen, Assimilation of, 213 

— cycle, 175, 551 
Nitrogenous substance, 194 
Node, 79 

Normal branch roots, 123 

— curve of frequency, 587 

variability, 586 

Nucellus, 256, 441, 456 
Nuclear disc, 43 

— membrane, 25, 43 

— spindle, 43 
Nucleo -hyaloplasm, 25 
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Nucleolus, 25 
Nucleus, 0, 21 '25 

— Division of, 25 
- — Secondary, 257 
Nulliplex, 600 
Nuphar , 567 
Nut, 290 

Nutation, 205, 207 
Nutmeg, 287 
Nutrition, 12, 159, 518 

— Special modes of, 211 
Nyctinastic movements, 220 
Nymphaea , 567 


OAK, 138, 238, 286, 309 
Oat, 290 

Obdiplostemonous condition, 239 
Ochrea, 141 
Ocimum, Tulsf, 358 
Odours of flowers, 42 
Oedogonium , 4, 506 
Oenothera mutations, 584, 605 
Offset, 86 

Oil, 41, 78, 199, 503 
Oldenlandia , 365 
Oleander, 355 
Onion, 10, 37, 75, 90, 382 
Ononis , 232 
Ontogeny, 2 

Oogonium, 505, 508, 514 
Oomycetes, 526 

Oosphere, 257, 411, 446, 457, 474, 
481, 505, 508, 514, 525 
Oospore, 48, 281, 412, 426, 446, 
470, 506, 515, 525 
Open bundles, 96 
Operculum, 483 
Opium, 56 
Opposite leaves, 141 
Opunlia , 92, 349 
Orange, 149, 295, 339 
Orchid, 125, 251, 388 
Orchidaceae, 388, 574 
Orchis , 392, 574 
Organ, 3 

Organic acids, 36, 38, 169 
— material of soil, 166, 169 
Origin of Species, 462, 583, 602 


Orthostichies, 142 

Oryza , Rice, Ch&val, 375 

Osmosis, 169 

Osmotic pressure, 169 

Ostiole, 472, 513, 537 

Outgrowths, 9, 62 

Ovary, 235, 252, 256 

Ovule, 234, 252, 256, 257, 441, 452 

— Development of, 442, 456 

— Forms of, 257 
Ovuliferous scale, 440 
Ovum {see Oosphere), 257, 410 
Oxalate of lime, 32, 42, 521 
Oxalis, Khattl but!, 557 
Oxidases, 203, 552 

Oxyria , 318 


PAEONY, 124, 273 
Paleae, 374 

Palisade parenchyma, 32, 50, 154 
Palmella stage, 494 
Palms, 119, 376 
Pandanus, Screw-pine, 573 
Panicle, 267 
Pansy, 277, 287 
Papaver, Opium Poppy, Post 
Papaveraceae, 56 
Papaw, Papay&, 349 
Papilionaceae, 332 
Pappus, 244, 289, 369 
Parachute mechanism, 299 
Parallel venation, 143 
Paraphysis, 406, 513, 544 
Parasites, 16, 211, 518 
Parasitic root, 125 
Paratonic influence (of light), 220 
Parenchyma, 50, 63, 94 
Parenchymatous cells, 27 
Parietal layer, 33 
Parthenogenesis, 285, 416, 502 
Pasque flower, 299 
Passiflora , 85 

Passion flower, 91, 227, 273 

Pathogenic bacteria, 549 

Pavetta, 365 

Pea, 151 

Peach, 331 

Pear, 331 
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Pearson, 579, 590, 591 
Peat -bogs, 507 

Pectic compounds, 22, 45, 499 
Pedate loaf, 148 
Pedicel, 234 

Pedicvhris (see Lcuscwort), 362 

Peduncle, 236 

Pagan vm , Harmal 

PHnrgonium, 267 

Pellia, 4 

Pern phis , 573 

Penicillium , 531 

Pennisetum . Bajri, 375 

Peptones, 199 

Perennation, 87, 563 

Perennial, 561 

Perianth, 237, 246, 454 

Periblem, 98, 99, 101, 118, 126 

Pericarp, 65, 288, 294 

Perichaetia, 474, 478 

Pericycle, 64, 101, 117, 128, 135 

Periderm, 114 

Perigonia, 478 

Perigynium, 475 

Perigyny, 240 

Perimedullarv zone, 101 

Periplasm, 525 

Perisperm, 286, 448 

Peristome, 483 

Pcrithecium, 529, 537 

Permanent tissues, 48, 49 

Per sea , 329 

Persian Lilac, Drek 

Petal, 235 

Petiole, 137, 152 

Phaeophyceae, 490 

Phanerogams, 5, 459 

Ptiaseolus , 69, 336 

Phelloderm, 114 

Phellogen, 114, 120, 133, 434 

Phloem, 54, 63, 95 

parenchyma, 63, 112 

— secondary, 108, 112, 131 

— -sheath, 399 
Phoenix , Khajur, 380 
Photosynthesis (see Car bon -Assim- 
ilation), 13, 185, 201 

Phototonus, 219 
Phycocyanin, 490 


Pliycoerythrin, 490 
Phycomycctes, 5 1 9 
Phycophaein, 490 
Phyllanthus , Amid, 340 
Phvlloclade, 92 
Phyllode, 152 
Phyllotaxis, 141 

— Floral, 238 
Phylogenv, 2 
Physalis , 359 

Physiographic Factors, 555 
Physiology, 1, 3, 12-16 
Picea , 433 
Pigment spot, 494 
Pigments, 190, 490 
Pilea , 313 
Pileus, 544 

Piliferous layer, 127, 129 

Pimpernel, 292 

Pin-oyed, 275 

Pine, 432 

Pine-apple, 297 

Pinguicvla, 214 

Pink, 323 

Pinnule, 149, 404 

Pinus, Chfl, Neoza, 4, 1 90, 432 

— Apical meristem of, 433, 435 

— Embryo of, 446 

— Flowers of, 438 

— Fruit of, 448 

— Gametophyte of, 443 

— Pollination in, 442 

— Seed of, 448 

— Sporophyte of, 441 

— Structure and Life History of, 

432-49 
Piper , Pdn 
Pistacia , Pista, 343 
Pistia , Water Lettuce, 381 
Pistil, 235, 251 
Pisuyn , Matar, 69, 336 
Pitcher plant, 152, 215, 216 
Pitchers, 152 
Pith, 64, 94, 104, 128 
Pithecolobium t 337 
Pits, 28 

— Bordered, 29 
Pitted thickening, 28 
Placenta, 262, 405, 440 
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Placentation, Forms of, 252-5 
Planogameto, 496 
Plant and Animal. 1 5 

— Associations, 559 
Plantain, 292, 387 
Plasmolysis, 170, 173 

Plastic substances, 14, 35, 38, 196 
Plastids, 21, 26 

— Functions of, 34, 35, 40 
Platanus , Chinar 
Platycerium , 574 
Plectranthus , 358 
Plerome, 98, 99, 101, 118, 126 
Pleurococcus , 4, 498 

Plum, 294 
Plumed fruits, 299 

— seeds, 299 
Plumeria , 355 
Plumule, 66-8, 282 
Pneumatophores, 572 
Pod, 291 

Poinciana , Gulmohr, 337 
Polar nuclei, 457 
Pollards, 81 

Pollen, 248, 250, 280, 428, 439, 
454 

— -box, 277 

— -chamber, 453 

— -flower, 274 

grain, 248, 250, 280, 439, 453 

— Protection of, 280 

— -sac, 234, 248, 439, 442, 454 

— -tetrads, 442 

— -tube, 281, 443, 446, 453, 459 
Pollination, 271, 442, 453, 459 
Pollinium, 251, 392 
Pollinodium, 525 

Polyarch, 421 
Polycarpellary, 251 
Polycarpic, 561 
Polyem bryony, 285, 447, 465 
Polygamous, 238 
Polygonaceae, 255, 316 
Polygonum , 141, 256, 316 
Polymerisation, 185 
Polymorphism, 538 
Polypctalae, 304 
Polypetalous, 244, 245 
Polypodium, 574 


Poly sepal ous, 242 
Polystelic, 105, 421 
Poly trie hum, 479 
Pome, 296 
Pomegranate, 295 
Pond-weed, 566, 567 
Poplar, Populutt , Safeda, 82, 287, 
299 

Poppy, 56, 292 
Population, 588 

— Selection in a, 592 
Porogamic fertilisation, 282 
Portulaca , 320 
Portulaccae, 320 
PotamogelotK 566, 567 
Potato, 90, 360 

Potent ilia, 331, 569, 575 
Potometer, 182, 183 
Prefloration, 150, 247 
Prefoliation, 150 
Premutation, 583 
Pressure in plant, members, 209 
Prickles, 62, 85, 92, 231 
Primary meristem, 49, 100 

— root, 77, 413 

— stem, 413 
Primitive pith, 104 
Primordial utricle, 33, 172, 500 
Primrose, 247, 298 
Primula, 575 

Privet, 277 

Procambial strand, 100, 126 
Promycelium, 522, 526 
Prophase, 45 
Prosenchyma, 51 
Prosenchymatous cells, 27 
Protandry, 273 

Protection of ovule and seed, 466 
Protein, 23, 40, 78, 198 

— crystalloids, 41, 200 

— grains, 35, 40 

Prothallus (Pro thallium), 409, 418, 
425, 429, 443 

— -colls, 426, 443 

— Female, 418, 425, 445 

— Male, 418, 426, 443 

— Reduction of, 418, 427, 443 
Protococcus , 497, 498 
Protogyny, 273 
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Protonema, 477, 470, 485 
Protophloem, 100, 308 
Protoplasm, 6, 12, 13, 19, 23 

— Continuity of, 10 
Protoplasmic; strand, 33 
Protoplast, 20 

Protostele, 102, 103, 104, 300, 421 
Protoxylem, 90, 100. 308 
Primus , Aru, Aluchd Amlok, 331 
Pseudo bulb, 300 
Pseudocarp, 288 
Pseudomonas, 551 
Psidium , Amrud, 351 
Pteridophyta, 4, 395 

— and Bryophyta, 486 
Pteridospormeae, 400 
Pteris, 300, 401. 408 
Pterocarpus , L&l chandan, 336, 337 
Ptyxis, 150, 247 

Pullulation, 540 
Pulvinus, 138 
Pumpkins, 306 
Pure Line theory, 591 
Purslane, 322 
Punica, An&r 
Putrefaction, 550 
Pyrenoid, 494, 500 
Pythium , 4, 523 
Pyxidium, 292 


QUERCUS {see Oak), 306 
Quince, 296, 332 
Quinine, 36 


RACEME. 262 
Racemose branching, 11, 82 

— inflorescence, 202, 269 
Rachis, 140, 144, 396 
Radial symmetry, 10 

— vascular bundle, 129 
Radical leaves, 141 
Radicle, 66-9, 282 
Radish, 124, 293, 330 
Rafflosiaceae, 211 
Rain-tree, 337 
Ramenta, 62, 397 
llanunculaceae, 324 


Ranunculus, 327, 569 
Raphanus, Mull, 330 
Raphe, 257 
Raphides, 42 
Raspberry. 241, 297, 331 
Rate of growth, 200 
Rattan, 380 
Raven ala, 388 

Recapil illation Theory, 401, 477 
Receptacle, 473 

— of Capitulum, 264 

flower, 234 

Receptive spot, 500, 508 
Recessive characters, 504-6, 600 
Reduced stems, 85 
Reducing division, 45, 414, 515 
Reduction of chromosomes, 45, 

414, 492 
Reeds, 88 
Regma, 294 
Regression, 588, 592 
Regular flowers, 239 
Rejuvenescence, 43, 48, 491 
Relat ionship, 460 
Replicate condition, 500 
Replum, 291 

Reproduction by seed, 270 

— methods of, 10, 415, 490 
Reproductive shoot, 8, 420, 458 
Resin, 36, 41, 56, 58 

— passage, 38, 58, 94, 434 
Respiration, 14, 201, 202 
Rest-harrow, 232 
Resting spore, 401 
Resupinate, 391 
Reticulate thickening, 28 

— venation, 143 
Reversion, 585, 001 
Rheum, 316 
Rhipsalis, 349 
Rhizogenic cell, 402 
Rhizoid, 409, 469, 471, 478 
Rhizome, 87, 396, 401, 403, 564 
Rhizophora , 572 
Rhizophore, 420, 422 
Rhododendron , 292, 354, 569 
Rhodom-yrtus, 351, 570 
Rhodophyceae, 490 
Rhubarb,' 316 
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Rice, 37 5 

Ricinus , Arand, 70, 341 
Ring- bark, 115 
liobinia , 138, 152 
Rock-plan ts, 232 
Root-absorption, 161, 174, 176 

— -cap, 59, 122, 126, 127, 403 
hairs, 62, 125, 174 

pressure, 178 

— -process, 503 

stock, 87 

tendrils, 125 

tuber, 124 

— Vascular cylinder in, 129 
Roots, 8, 15, 122, 206 

— Aerial, 125 

— Branching of, 123 

— Development of, 134, 401 

— Functions of, 123 

— Origin of, 488 

— Secondary, 122 

— Structure of, 122, 130, 401, 435 
Rosa , Gul&b, 331 

Rosaceae, 330 v 
Rose, 82, 86, 274, 331 
Rostellum, 391 
Rotation of crops, 176 

protoplasm, 205 

Rowan, 296 
Rubber, 315, 340 
Rubiaceae, 364 
Rubus, 331, 569 
Ruellia , 364 
Rumex , 316 
Runner, 85 
Ruscus , 117, 383 
Rushes, 255, 568 
Rutaceae, 338 


SACCHAROMYCES, 4, 539 
Saccharum , Sugar-cane, Kam&d, 
375 

Sachs’ Solution, 163 
Sacs, 57 

Saffron, Kesar, 387 
Sage, 278 
Sagittaria , 567 
Sago Palm, Metroxylon , 377 


Salicin, 36 

Salicornia , 319 

Salsola, 319 

Saltwort, 319 

/ Salvia , 278, 358 

Samara, 289 

Samphire, 319 

Sand-plants, 571 

Sandal Wood, Safed Chandan 

Sanicle, 300 

Sap-wood, 114 

Sapindaceae, 343 

Sapindus , Rfth&, 343 

Saprophytes, 16, 212, 518 

Sarracenia , 216 

Satyrium , 394, 569 

Saussurea , 575 

Saxifrageae, 178 

Scaevola , 573 

Scalariform thickening, 30 
Scale-bark, 115, 434 

— -leaves, 81, 89, 90, 138 
Scape, 236, 384 
Schizocarpic fruits, 293 
Schizogenous formation, 38 
Schizomycetes, 4, 546 
Schizophyta, 546 
Schultze’s solution, 22 
Scirpus, 568 
Sclerencliyma, 52, 64 
Sclerenchymatous fibres, 52, 63 
Sclerotic cells, 52 
Sclerotium, 534 

Scorpioid branching, 82 
Scots Fir, 4, 38, 432 
Screw-pine, 673 

Scrophulariaceae, 212, 260, 360 
Scutellum, 72 
Sea Beet, 319 

— Elite, 319 

Seasons, Influence of, 562 
Seaweeds, 490 
Secondary cortex, 114 

— growth, 107-13, 119, 130, 434 

— meristem, 49, 107, 131, 133 

— nucleus, 257, 282, 457 

— roots, 122 

— tissue, 108 
Secretion, 15, 35, 195 
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Sedges, 88, 507, 568, 570 
Sedum, 232 
Seed, 285, 286 

coat, 66, 285 

Seeds, Dispersal of, 298 

— Examination of, 77 
Segregation, 596, 005 
Selaginella , 419 
Selection, Effect of, 591 

— Germinal, 603 

— in a population, 592 

pure line, 59 1 

Self-fertilisation, 271 
pollination, 271 

— -sterile plants, 273 
Semecarpus, Bhil£w4, 343 
Seminiferous scale, 440 
Sensitive Plant, 227, 337 
Sepal, 235 

Septa, True and false, 256, 291 
Seta, 470, 479, 482 
Sexual organs, 409, 424, 446, 470, 
481 

— reproduction, 16, 271, 409, 424, 

446, 471, 481, 491, 501, 505, 
508, 513, 521, 532 
Sexuality, Origin of, 498 
Shade-piants, 60, 149, 155, 557 
Shepherd’s Purse, 330 
Shoe-flower, 345 
Shoot, 8 

Shore-plants, 232 
Shorea , Sal, 348 
Sieve-plate, 54 
— - -tube, 54, 112, 398, 513 
Silene y 324 
Silenoideae, 324 
Silica, 32, 163, 176 
Silicula, 291 
Siliqua, 291 
Similar members, 9, 1 1 
Simple leaves, 144 
Simplex, 600 
Siphoneae, 506 
Siphonostele, 104 
Skew-curves, 587 
Sleep-movements, 220 
Smilax, 85, 138, 151, 383 
Snake Gourd, 367 


Snap-dragon, 360, 362 
Snowberrv, 276 
Soft bast, 54, 63, 95, 96 
Soil, 164-9, 558 
— air; Soil water, 167 
Solanaceae, 358 * " 

Solanum y Alii, 359 
Solenostele, 104, 400 
Solomon’s Seal, 87 
Sonneratia , 572 
Sophora, 573 

Sorghum , Guinea Corn, Jowar, 375 

Sorosis, 297 

Sorrel, 316 

Sorus, 404, 406 

Soursops, Mamphal, 327 

Spadix, 263 

Spathe, 263 

Special mother-cells, 407, 423, 
455 

Specialisation of members, 9 
Species, 462 
Spectrum, 191 
Spermaphyta, 4 
Spermatocytes, 410, 473, 481 
Spermatozoid, 410, 453, 473, 481, 
505, 513 
Sphacelui , 533 
Sphaeraphides, 42 
Sphaerella , 4, 497 
Sphaerites, 39 
Sphaerolheca , 531 
Sphagnum , 570 
Spike, 263 
Spikelet, 267, 373 
Spinach, 320 
Spindle-tree, 287, 300 
Spine, 91, 92, 151, 231 
Spinifex , 573 
Spiraea , 331 
Spiral thickening, 28 
Spiranthesy 394 
Spirillum, 547 
Spirogyra , 4, 499 
Spondias , 343 

Spongy parenchyma, 32, 50, 154 
Sporangiferous spike, 417, 419, 422 
Sporangium, 404, 417, 420, 422, 
429, 503 
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Sporangium, Development of, 40(5, 
423 

— Origin of, 488 

Spore, 16, 48, 404, 417, 420, 422, 
429, 454, 470, 477, 485, 520, 
540, 548 

— Germination of, 408, 424, 477, 

485 

mother-cells, 407, 442, 477 

sac, 483 

Sporocarp, 529, 532, 538 
Sporogonium, 470, 474, 478, 482, 
484 

Sporophylls, 408, 417, 429, 452, 
489 

— and foliage leaves, 488 
Sporophytc, 414, 417, 427, 441, 

454, 458, 403, 486 

— Evolution of, 486 
Spring wood, 111 
Spruce, 4, 433, 440 
Spurge, 56, 287, 557 
Stag’s-horn Moss, 428 
Stalk-cell, 446 
Stamen, 235, 247, 439 
Staminode, 249 
Standard deviation, 586 
Starch, 39, 78, 186, 197, 199 
grains, 34, 35, 39 

— -layer, 95, 155 
Starwort, Water, 188 
Stelar system, 101, 117, 399 

— tissue. Arrangements of, 103 
Stele, 103 

Stellaria, 232, 324 
Stem, 8, 79, 93, 116 

— Branching of, 82 

— Descriptive terms, 79 

— Forms of, 84 

— Functions of, 84 

— Structure of, 93, 116, 433, 479 

— -tuber, 90 
Stereid bundle, 52 
Sterigma, 527, 544 
Sterilisation of tissue, 488 
Stigma, 235, 252 
Stimulus, 218-29 
Stinging hairs, 62 
Stipe, 544 


Stipule, 138, 151 

St. John’s Wort, 250, 292 

Stolon, 85 

Stomata, 59, 60, 181 
Stomium. 406 
Stone-cells, 52 
| Stonccroj), 276, 557 
Storage-compounds, 196, 197 
Strand -plant s, 571 
Strawberry, 86, 241, 296, 331 
Strelitzia , 388 

Strengthening tissue, 52, 53, 97 

— zone, 117 
iSiriga , 360 
Strobilanthes , 364 
Strobilus, 297 
Stromata, 534 
Struggle for existence, 460 
Strychnine, 36 
Strychnos , Kuchld, 85 
Style, 235, 252 

Suaeda , 319 
Suherin, 31 
Suberisation, 31 
Suberised tissue, 52 
Sub-hymen ial layer, 544 
Subsidiary colls, 61 
Succulent fruits, 300 
Sucker, 86 

Suckers (parasitic), 125, 211 
Sugar, 14, 38, 171, 185-202, 375 
Sun-plants, 60, 149, 557 
Sundew, 214 
Sunflower, 368, 369 

— Seed of, 65 

— Stem of, 94 
Sunn-hemp, 336 
Supporting-tissues, 50-3 
Suppression of parts, 259 
Suspensor, 282, 286, 420, 447 
Swamp Mahogany, 351 
Sweet Potato, 355 

— William, 323 
Swertia , Chir&td 
Sycamore, 138, 294, 299 
Syconus, 297 
Symbiosis, 213 
Symmetry, Floral, 240 

— Forms of, 10 
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Sympetalao, 304 
Sympodial, 88 
Sym podium, 82 
Synandrium, 381 
Syncarp, 288 
Syncarpous, 253 
Synergidae, 257, 281, 457 
Syngenosious stamens, 250, 309 
Synizesis, 47 


TABERNAEMOOTANA, Ch£n- 
dani 

Talipot Palm, 377 
Tamar Indus, Amli, 330 
Tamus , 119 
Tannin, 39, 56 
Tap-roots, 122, 123, 432 
Tapetal cells (Tapetnm), 407, 423, 
442 

Taraxacum , 372 
Taxvs, Thuner, 449 
Tea, Camellia 
Teak, Sdgon 
Teasel, 299, 300 

Telegraph Plant, Desmodium , 334 
Telophase, 45 
Temperature, 555, 563 
Tendrils, 85, 91, 140, 151 
Terminalia, Harlr, BaheiA, Ar- 
juna 

Testa, 06, 448 
Tetrads, 356 
Tctradynamous, 250 
Tetrahedral division, 423 
Teucrium , 357 
Thalamus, 93, 234, 240 
Thalictrum, 285, 325, 569 
Thallophyta, 4, 490 
Th alius, 7, 408, 469, 499, 503, 500, 
512, 517 
Theca, 479 

Thespesia , Tulip- tree, 347 
Thickening, Types of, 26 
Thorn, 92 
— apple, 292 
Thrum-eyed, 275 
Thunbergia , 364 
Thylosis, 209 


Thyme, Thymus , 356 
Thyrsus, 207 
Tissue, 49, 52, 53, 97 

— Development of, 98 

— Differentiation of, 99, 118, 126 
systems, 58 

Tithonia , 372 
Toadstool, 4, 542 
Tobacco Plant, 277 
Toddy Palm, 380 
Tomato, 360 
Tonic influence, 219 
Torenia , 302 
Torula, 522 

Torus of bordered pit, 30 

flower, 93, 234 

Toxins, 550 
Tracheal tissue, 53 
Tracheidal cells, 438 
Tracheides, 53, 434 
Tradescantia , 205, 382 
Trama, 544 
Transfusion tissue, 438 
Transmission of characters, 580 
Transpiration, 15, 61, 149, 180 

— -current, 177 

— Reduction of, 152, 232, 507, 

572 

Trapa, Singh&rd 
Traveller’s Joy, 325 
Tree of Life, 440 
Trichogyne, 529 
Trichomes, 62 
Trichosanthes , 367 
Trifolium , 205 
Trigonella , Methl, 338 
Triple fusion, 457 
Triticum , 375 
Trollius, 325 
Tropophytes, 560 
Trumpet Flower, 360 
Tschermak, 594 
Tuber, 90 
Tubuliflorae, 368 
Tulipa, 90 

Turgidity, 171, 174, 208 
Turmeric, Haldl 
Turnip, 85, 124, 330 
Twining plants, 85, 224 
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ULMACEAE, 314 

Ulmus (see Elm), 314 

Umbel, 264, 266 

Umbelliferae, 276, 299, 351 

Underground stems, 87 

Unit characters, 580, 583, 597, 600 

Unona, 85 

Urtica , 62, 314 

Urticaceae, 305, 312 

Usnea, 574 

Utricularia , 215, 567 

Uvaria , 85 


VACCIN1UM, 354 

Vacuoles, 33, 493 

Vagina, 137 

Vaginula, 482 

Valeriana , 569 

Valleculae, 352 

Vanilla , 85, 394 

Variability, Curves of, 585, 587 

Variant, 589 

Variate, 585 

Variation, 302, 461, 583, 603, 605 

— Biometrical study of, 585 

— Coefficient of, 587 

— in a pure line, 591 

— Individual, 583, 602 

— movements, 205, 219, 460 

— normal, 586, 591 
Variations, 272, 302, 583 
Varieties, 302, 303, 462 
Vascular bundle, 63, 96, 99, 117 

— Cryptogams, 4, 20, 395 
and Flowering Plants, 459, 

460 

GymnoRperms, 431, 441, 

443, 453 

— cylinder, 479 

— Plants, 20 

* — structures, 20 

— system, 58, 63, 101 

— tissue, 53, 55, 471 
Vaucheria, 4, 503 
Vegetable Marrow, 367 
Vegetative cell, 281, 443 

— reproduction, 16, 85, 270, 415, 

479, 501, 540 


Vegetative shoot, 8 
Veins of leaf, 142, 155 

— Ending of, 157 
Velamen, 390 
Velum, 544 
Venation of leaf, 142 

Von ter of Archegonium, 410, 474, 
481 

Ventral canal-cell, 410, 474, 481 

— suture, 252 

Venus’ Fly-trap, 215, 227 
Verbascum, 362 
Vernation, 151 
Vernonia, 371 
Veronica , 361 
Verticillaster, 267, 356 
Vertieillate leaves, 141 
Vessels, 38, 56, 96 
Vexillum, 245 
Vicia, 69 
Vine, 91, 115 
Violet, 240 
ViReoideae, 316 
Vi scum, 316 
Vitis, Angur, 85 
Vitta, 352 

Viviparous germination, 572 


WALLACE, 602 
Wall-flower, 97 
Walnut, 82, 290, 295, 310 
Water-absorbing capacity of soils, 
167 

— Absorption of, 174 

— Ascent of, 184 

— -buttercups, 565 
cress, 330 

culture, 161 

— Importance of, 23, 159 

— Lilies, 61, 242, 300, 565-7 

— Lobelia, 565 

— Melon, 367 

— Milfoil, 565-7 

— Plants, 232, 565 

— -pores, 62, 179 

— Starwort, 188 

— -stomata, 62, 156, 179 

— Storage of, 136, 156 
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Water-violet, 566, 567 

— -weed, 188 
Wax, 60 

Weak stems, 84, 85 
Weeping Willow, Salix babylonica, 
Bed-i-Majnun 
Weismann, 580, 602 
Weldon, 579 
Wheat, 40, 73, 375 
White Bryony, 92, 104 
Whorl, 82, 417 
Wild {Sunflower, 372 
Willow, 287, 299 

herb, 276, 287, 292, 299 

Wilting-eoeflicient, 168 
Wind, 298, 557 

pollinated flowers, 272 

Winged fruits, 299 

— seeds, 299 

Winter buds, 58, 80, 566 
Wood, 53, 63, 95 

— Anemone, 325 

— -fibres, 63 

— -parenchyma, 51, 63, 96 

— Sage, 357 

— Sorrel, 88, 292, 301, 344, 557 

— -vessels, 38, 53, 95 
Woodruff, 300 
Wounds, Healing of, 120 


XANTHIUM, 371 
Xanthophyll, 35, 190 
Xerophilous plants, 560 


Xerophytes, 232, 349, 560 
Xerophytic (Xerophilous) charac- 
ters, 232, 345, 438, 560 
Xylem, 53, 63, 94 

— -parenchyma, 63, 96, 398 

— Secondary, 108, 112, 131 


YAMS, 381 

Yeast (see Saccharomyces ), 539 
Yellow Rattle, 212, 299 
Yew, 4, 431, 449 , 450 
Yucca, 1 19, 135, 383 


ZANTHOXYLUM, Tinnar, 339 
Zea, Bhuttd, 375 
Zeuxine , 393 
Zingiber, Adrak 
Zizyphus, Ber, 141 
Zonation, altitudinal, 576 
Zoocoenocyte, 504 
Zoogloea, 548 

Zoospore, 491, 494, 496, 504, 507, 
524, 526 

Zygomorphic symmetry, 10, 240, 
245 

Zygomycete, 523 

Zygospore, 48, 491, 496, 502, 
522 

Zygote, 17, 48, 491, 579, 581, 591 
Zymase, 541 
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